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YPEROSMOLARITY ,* hypernatremia or hypertonic dehydration, is a state 
characterized clinically by dehydration and, when severe, by mental 
changes, chemically by high concentration of sodium, of chloride, and of total 
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*It may be useful to discuss briefly what is meant by osmolar concentration and why it is a useful 
When our chief concern is with movement of water between cells and extracellular space 
A simple way to look at the mecha- 
If 


measure. 
we are interested in those factors that influence diffusion of water. 
nism is to imagine water molecules constantly in motion in all directions with equal probability. 
there are solute molecules present one may conceive that some interaction between water and solute 
reduces the average speed of water molecules. If such a solution is added, without mixing, to pure 
water, the random motion of water will cause interchange of water molecules between solution and 
pure water but, because its velocity is greater, more water will move from pure water to the solution 
than in the reverse direction. The net effect will be dilution of the solution. 
The difference in water motion between solution and pure water is caused by the presence of solute 
The size of the difference is measured by the total concentration of solute molecules without 
One ion of sodium, for example, has the same effect on water movement as 
One molecule of sodium chloride, if ionized completely, has essentially the effect 
of two molecules of urea. The osmolar concentration is the total molar concentration of solute particles, 
including ions as independent particles. In normal serum water the concentration of sodium is 140 
mEq. per liter, or 140 mOsm per liter, of chloride 100 mOsm per liter, of bicarbonate 28 mOsm per liter, 
of urea 10 mOsm per liter, of glucose 5 mOsm per liter, and of potassium 4 mOsm per liter, a total of 
287 mOsm per liter from these six solutes alone. Other solutes in serum contribute approximately an 
additional 20 mOsm per liter so that normal serum osmolarity is about 300 to 310 mOsm per liter, equi- 
valent to the osmolarity of a solution of sodium chloride of 150 to 155 mM. per liter (isotonic sodium 


molecules. 
regard to their species. 
one molecule of urea. 


chloride). 
When the osmolar concentration of extracellular fluid is increased, either by loss of water or by 


addition of solute, the random movement of water in cells exceeds that in extracellular fluid. Net 
water movement is out of cells. There results dilution of extracellular fluid and concentration of celi 
fluid. The ultimate effect of hyperosmolarity of serum is dehydration of cells. 
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solutes in serum, and etiologically by deficit of body water. It is seen more 
commonly in children than in adults. Its first description is generally attributed 
to Schmidt! who, in 1850, reported high chloride concentrations in the serum of in- 
fants who had diarrhea. Modern clinical interest in this entity was aroused in 
the United States by the work of Rapoport in 1947.2. A summary of the reports 
up to 1955, particularly in children, may be found in the contribution by Finberg 
and Harrison® who added 81 of their own patients, all under 2 years of age and 
seen over a period of 7 years. 

Among adults in whom hyperosmolarity has been described there has been 
a preponderance of patients with head injuries or intracranial disease. Because 
of this it has been suggested by some that hyperosmolarity is secondary to some 
distortion of water-regulating mechanisms induced by intracranial lesions, per- 
haps something similar to diabetes insipidus. It is the purpose of this review to 
analyze the published protocols of the patients who have been reported to have 
hyperosmolarity, and it will be concluded that there is no evidence for the view 
that hyperosmolarity is in general the result of an intracranial lesion. It will 
appear rather that hyperosmolarity is a consequence of too little water intake 
in the face of too much water loss in adults just as it is in children. 


NORMAL WATER BALANCE 


As a guide to this argument it is appropriate to begin by reviewing those 
factors concerned with water balance. 

Water makes up about 60 per cent of body weight. In a 70 kilogram man 
there are about 42 liters of water. In a temperate climate about 6 per cent of 
body water, or 21% liters, is turned over daily. This does not imply that at the 
end of each 24 hours we are precisely in water balance, but in general we do not 


permit ourselves to become more than a few per cent out of water balance for 


longer than several hours and over some relatively short time, perhaps no longer 
than a week, we are in water balance very precisely. In infants, owing largely 
to disproportionate volumes of urine, water turnover is relatively greater. It 
has been suggested that this may be the reason underlying the apparently greater 
susceptibility of infants to hyperosmolarity. With sweating or with exaggerated 
losses of fluid from the gastrointestinal tract, water turnover in adults may 
become as large as 30 per cent per day. In the presence of such rapid turnover 
of body water there is obviously more opportunity for the patient to remain out 
of balance. 

The word balance implies that water intake and water output are matched. 
Water is taken in either as fluid or as water in association with apparently solid 
food, or it is produced in the body as water of oxidation by metabolism of food- 
stuffs. The relative quantities from these sources are shown in Table I. Even 
when we neither eat nor drink we continue to produce water of oxidation by 
metabolism of body stores amounting to perhaps 300 to 500 ml. per day. The 
normal routes of water loss are first, by way of the urine, second, as water in 
feces, third, through the skin both as sweat and as insensible perspiration, and 
fourth, from the lower respiratory tract as water of vaporization. The usual 
total losses from these routes are shown in Table IT. 
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In the presence of reduced water intake we are able to minimize our water 
losses by producing hyperosmotic urine up to about 1,400 mOsm per liter or more 
than four times the osmolarity of serum.‘ In infants the abilitv to produce 
urine of such great hyperosmolarity is not yet developed.® Lacking this defense 
against water imbalance they are more prone to develop hyperosmolarity of 
serum. In the presence of renal disease in which urinary concentrating ability 
has diminished, adults also lack this defense against hyperosmolarity. 

While fecal losses of water are ordinarily trivial, in the presence of diarrheal 
disease they may be enormous. Such losses, however, are almost isotonic and, 
although they are not usually in themselves sufficient to explain the appearance 
of hyperosmolarity, more water than sodium—compared to plasma—is lost 
during diarrhea. 


TABLE I. APPROXIMATE WATER INTAKE IN NORMAL ADULT IN TEMPERATE CLIMATE 


SOURCE LITERS PER DAY 


Fluid 
Preformed in ‘“‘solid’’ food 
Water of oxidation 


Total 
TABLE II. APPROXIMATE WATER Loss By NORMAL ADULT IN TEMPERATE CLIMATE 
SOURCE LITERS PER DAY 


Urine 

Feces 

Skin, insensible loss 
Respiration, insensible loss 


Total 


Sweat is a hypotonic solution varying from approximately one-sixth to 
one-half the normal serum osmolarity. Since it is possible to lose as much as 
300 ml. of sweat an hour® large quantities of water may be lost in this way, and 
hyperosmolarity of serum results. 

Insensible perspiration or water of vaporization is distilled water lost from 
the skin and from the lower respiratory tract as part of the thermoregulatory 
mechanism. Water will move from a solution in which its vapor pressure is 
higher to one in which its vapor pressure is lower. Water moves from the skin 
and respiratory tract as though there were a gas phase approximately 98 per 
cent saturated with water vapor. Accordingly water vapor will be lost from the 
body whenever the atmosphere is less than 98 per cent saturated, as it almost 
always is. With the loss of water of vaporization there is loss of heat and cooling 
of the body. Ordinarily about 25 per cent of caloric production is dissipated as 
water of vaporization. When heat production is increased as in fever and in 
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hypermetabolism there is a proportionate increase in loss of water through vapori- 
zation. In addition to being subject to those factors that affect water losses 
through skin, respiratory water losses are also affected by the rate at which air 
flows through the bronchial tree. In the presence of dyspnea or of hyperventila- 
tion due to acidosis or fever, there is increased loss of water of vaporization from 
the respiratory tract. There are no data to indicate accurately the possible 
size of water losses by this route. Experience in restoring water losses produced by 
this means suggests that normal losses from the respiratory tree may be doubled 
or tripled in the presence of hyperventilation. 

Urinary water loss is a function of four factors: water intake, the pituitary 
antidiuretic hormone, the solute load, and the effectiveness of renal function. 
Normally in the presence of continuing water losses and inadequate water intake 
the consequent increase in osmolar concentration of serum water stimulates 
the release of antidiuretic hormone. There results increased renal reabsorption of 
filtered water and a decrease in urinary water output. If there is inadequate 
production of antiduretic hormone or if the renal tubules cannot respond ade- 
quately to a normal amount of antidiuretic hormone, there occurs a large loss 
of very dilute urine. If water intake is not increased to match this extraordinary 
urine loss there results an increase in serum sodium and chloride concentrations 
and the production of clinical hyperosmolarity. 

However, if unusual quantities of solute are filtered through the glomeruli, 
even a normal kidney activated maximally by antidiuretic hormone is unable to 
prevent diuresis. Because the rate at which solute is excreted is approximately 
constant, the concentration of solute in urine during an osmotic diuresis varies 
inversely with the rate of urine flow.” At high rates of urine flow the osmolar 
concentration of urine decreases to approach that of plasma. Although the total 
solute concentration of urine during an osmotic diuresis may be very nearly that 


of plasma, the composition of solutes in urine is quite different from that of 


plasma. If solute diuresis is induced, for example by intravenous administration 
of mannitol, the predominant solute in urine will be mannitol and the concentra- 
tion of sodium and chloride will be decreased proportionately so that these ions 
may form only a small part of the total excreted solute.’ Similarly, in uncon- 
trolled diabetes mellitus most of the solute load may be glucose. The large volume 
of urine may contain only small amounts of sodium chloride, leaving the serum 
hyperosmotic with respect to sodium and chloride. Again if urea forms the main 
solute, as it will in the presence of accumulations of urea from renal failure or 
with production of urea owing to increased protein metabolism as in starvation 
or on high protein diets, then urinary sodium chloride concentration will be 
proportionately reduced and serum hyperosmolarity will result. 

Thus the antidiuretic hormone is only one of many factors that enter into 
the control of osmolarity of body water. It would be surprising if most of the 
cases of hyperosmolarity occurring in adults were the result of a defect in this 
single factor. 

When losses of water occur from any route we normally satisfy the need for 
water by increasing fluid intake in response to thirst. An excellent review of the 
still poorly understood thirst mechanism may be found in the chapter by Cizek 
in Bard’s textbook of physiology.’ It has been suggested that in certain patients 
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in whom there are intracranial lesions hyperosmolarity may result from failure 
of the thirst mechanism due to destruction or interruption of central pathways. 
There is no convincing evidence for this view. It is clear, however, that awareness 
of thirst is ineffective if the patient is not in a position to gratify it either because 
water is inaccessible or because he is physically unable to procure and ingest 
water, a fact first emphasized by Welt and others.'° 


ADJUSTMENTS TO EXPERIMENTAL WATER LACK 


Hyperosmolarity has been produced experimentally in the dog and in man. 
Reduced water intake for three to five days may or may not produce a significant 
rise in serum sodium concentration, depending not only upon the severity of 
water restriction but also upon the urinary solute load imposed by the diet. A 
high protein diet causes an increased urea load, and water must be excreted with 
it. Such urine, rich in urea, contains little salt, and serum sodium concentration 
must rise. With more prolonged water deprivation in the dog, up to 20 days, 
sodium and chloride concentrations in serum rise to a greater extent, and symp- 
toms develop. In the dog maintained on restricted water intake for 20 days, 
Elkinton and Taffel'! found progressive reduction in urine volume to a certain 
minimum daily urine flow with a reduction in urinary excretion of sodium and 
chloride. During the second week sodium virtually disappeared from the urine, 
and chloride became almost negligible in the urine shortly thereafter. In con- 
trast the daily excretion of potassium remained almost constant so that the po- 
tassium concentration in urine of diminished daily volume rose considerably. 
There was an increase in volume of extracellular fluid, estimated as the chloride 
space on the basis of determination of chloride balance. Serum concentrations 
of sodium and of chloride rose progressively more or less proportionate to the 
decrease in extracellular fluid volume. In general the increase in concentration 
of serum chloride tended to be somewhat greater, though perhaps not signifi- 
cantly so, than that of sodium. If this difference is real, it may be explained by 
the fact that sodium may have entered cells while chloride did not. Blood non- 


protein nitrogen rose slightly and not progressively, except terminally in those 


dogs that died. 

There have been many observations in man, as in dehydrated dogs, that 
concentrations of sodium and of chloride in urine decreases in the presence of 
hypernatremia and hyperchloremia. In 1925, Bulger and Peters” reported that 
in patients with uncontrolled diabetes mellitus “‘dehydration of the blood was 
associated with the production of urine containing remarkably low concentra- 
tions of nitrogen and sodium chloride.’’ In 1930, Maizels and McArthur™ found 
low concentration of urinary chloride in slightly hyperchloremic infants following 
diarrhea. In 1932, Fullerton, Lyall, and Davidson™ described a case of diabetic 
coma with uremia in whom the concentration of urinary chlorides was less than 
10 mEq. per liter despite hyperchloremia. Other examples of the association of 
reduced urine sodium chloride in the presence of serum hyperosmolarity will be 
noted later when case reports are reviewed in greater detail. 

Black, McCance, and Young’ deprived two healthy young men of water 
for three and four days, respectively. It was estimated that the diet of one 
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subject provided 250 ml. of preformed water and 440 ml. of water of oxidation 
per day, and the diet of the other subject provided 115 ml. of preformed water 
and 360 ml. of water of oxidation per day. Urine volume decreased to an average 
of about 600 ml. per day, but the subjects were in negative water balance by 3.5 
liters over the period of three and four days of dehydration. Concentrations of 
sodium and of chloride in serum rose slightly but definitely. Despite hyper- 
natremia and hyperchloremia both subjects were in slightly positive sodium and 
chloride balance (although salt losses in perspiration were not measured), retain- 
ing approximately 0.5 Gm. of salt or about 10 mEq. per day. 

Failure of the kidney to compensate for hyperosmolarity by excreting large 
quantities of sodium chloride during water deprivation, in theory, aggravates 
hypernatremia and hyperchloremia. In fact, however, there is not much of a 
vicious cycle because the quantity of sodium chloride retained is so small that it 
raises serum concentration of these ions by only about 1 mEq. per liter per day. 
It is quite clear that far and away the major cause of hypernatremia and hyper- 
chloremia in water deprivation is water loss and not salt retention. 

In contrast to dogs dehydrated for several weeks and to patients with un- 
controlled diabetes, the concentration of urinary sodium chloride in man simply 
deprived of fluid for three or four days does not appear to be remarkably low. 
The positive sodium chloride balance, mentioned earlier, occurs because the 
amount of urine is small although the concentration of sodium, according to 
McCance, Young, and Black!® is no less than during periods of adequate hydra- 
tion. When the solute load is increased acutely by administration of urea there 
is an abundant diuresis despite dehydration, the total osmolar concentration of 
urine decreases, urine urea concentration increases, and urine sodium concen- 
tration decreases. 


Urinary responses to water lack, in summary, are these: If solute load is 


minimal, in the presence of normal renal function, urine is formed at a rate of 


less than 0.5 ml. per minute or less than 700 ml. per day. This urine is concen- 
trated perhaps as much as four times the osmolar concentration of serum. The 
composition of urine, however, is quite different from that of serum. About 
two-thirds of the total urine solutes is urea, and the concentration of sodium in 
urine is not low. If the nonsaline solute load is increased, the rate of urine excre- 
tion must increase and the total osmolar concentration of urine must decrease. 
The loading solute forms a large fraction of total urinary solutes, and the concen- 
tration of sodium and of chloride in urine has to decrease. There may be a 
slightly positive sodium and chloride balance during ordinary solute loads which 
apparently is too small to contribute importantly to the hypernatremia and hyper- 
chloremia. There are no studies of sodium and chloride balance in hydropenic 
man during chronic loading with nonsaline solutes; it is possible that for short 
periods under these conditions there may be larger positive balances of sodium 
and chloride, and these may further increase hypernatremia and hyperchloremia. 
Even if there is positive balance of sodium and chloride during nonsaline solute 
diuresis in hydropenia, it is not apt to be as important a cause of hypernatremia 
and hyperchloremia as is the great loss of urinary water produced by solute 


loading. 
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One may question with surprise the survival value of a mechanism that per- 
mits increased urinary retention of sodium and chloride in the face of rising and 
abnormally high serum concentrations of these ions. Although measurements 
of rates of excretion of aldosterone have not been made under these conditions, 
a plausible explanation for urinary retention of sodium and of chloride and con- 
tinued excretion of potassium is that adrenal cortical activity is stimulated in 
some way by the hypovolemia produced by water deprivation. Retention of 
sodium and of chloride tends to minimize hypovolemia, as will be discussed later, 
by compelling movement of water from intracellular space to extracellular. 
Despite large urinary losses of potassium, concentration of potassium in serum 
did not change consistently.!' This implies that potassium moved from some 
cells to extracellular fluid approximately as rapidly as it was lost from serum into 
urine. It is quite possible that at least some of the intracellular potassium was 
displaced by sodium. If this is correct, then failure of serum sodium concentra- 
tion to rise in man exposed to water deficit for a few days may be a result of move- 
ment of sodium from extracellular space into cells. 

With prolonged water deprivation dogs become lethargic even before there 
is clinical or chemical evidence of uremia.'' That certain areas in the brain are 
damaged by hyperosmolarity is suggested by the observations of Wierzuchowski!” 
who produced convulsions in dogs by raising blood glucose to levels of several 
grams per 100 ml. of blood. Woodbury and Davenport'® produced variations 
in serum sodium concentration in rats by adrenalectomy, by administration of 
desoxycorticosterone, and by sodium chloride administration and withdrawal. 
Threshold to electroshock seizures varied with serum sodium concentration. 
This does not necessarily imply a specific role for sodium since seizure threshold 
may have varied also with serum osmolarity. 

Girard'® and Finberg, Luttrell, and Redd?° produced gross (1 to 2 mm., 
occasionally up to 5 mm.) intra- and subdural hemorrhages in kittens within 24 
hours after intraperitoneal injection of strongly hypertonic sodium chloride or 
sodium chloride plus sodium bicarbonate solutions. The latter group also ob- 
served some small intracerebral hemorrhages. Serum sodium concentration 
in both groups of kittens varied about 200 mEq. per liter and serum total solute 
concentration was as high as 420 mOsm per liter. Finberg, Luttrell, and Redd 
found considerable increase in muscle cellular sodium concentration but not in 
brain and suggested that brain cellular osmolarity may increase to match extra- 
cellular osmolarity not only by water loss but also by creation of new ions through 
disruption of larger intracellular organic molecules. If such were true, as they 


point out, one might expect functional catastrophe. Both groups of experi- 


menters noted that surviving kittens were lethargic, hyperirritable, ataxic, tre- 
mulous, and that some convulsed. About one-third became stuporous and died 


within 24 hours. 


SHIFTS IN BODY WATER AFTER LOSS: AN IDEALIZED SCHEME 


It will be useful now to follow an idealized scheme of the adjustments in 
body water that occur following loss of significant portions of water. Fig. 1 
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illustrates the course of events. The rectangles represent body fluid compart- 
ments and their contained solutes. The volume of the fluid compartment is 
indicated along the abscissa. The extracellular compartment (ECF) is repre- 
sented from O to the left; the cellular compartment from O to the right. The 
figures are those for a 75 kilogram man who is 60 per cent water, one-third being 
extracellular. The ordinate scale along the left is the concentration of solute 
expressed as osmole per liter. It is assumed that solute concentration in cell 
water is the same as in extracellular water. Most, but not all, measurements of 
cellular solute concentration support this assumption. The ordinate scale on 
the right represents the concentration of sodium in serum. This does not mean, 
of course, that this is the concentration of sodium in cell water. It is not. The 
scale is put there for convenience since most clinical laboratory measurements 
will be in terms of serum sodium concentration rather than osmolarity. 
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Fig. 1.—Sequence of events following water loss and its replacement. 
See text for description. 

In the discussion which follows, it will be assumed that water moves freely 
between cells and extracellular space but that solutes do not. This is a great 
oversimplification since we have already seen that sodium may move into cells 
and potassium out of them during the course of adjustments to water depriva- 
tion. However, it is assumed that these movements are small compared to the 
movement of water. 

To return to Fig. 1, let it be assumed that a large quantity, say 9 liters of 
water, is lost from the body. Initially this loss is from extracellular space. If 
there were no internal adjustments then the size and composition of fluid compart- 
ments would be represented by the diagram in the upper right in which ECF 
is reduced by 9 liters with no change in volume of cell water. Since there is no 
loss of solute the total extracellular solute, now dissolved in reduced volume, 
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would reach the enormous concentrations indicated. However, as solute concen- 
tration increases in extracellular fluid there is diffusion of water from cells to 
extracellular space until the potential of water (and the concentration of solute) 
is the same inside and outside cells. The final equilibrium concentration of solute 
is expressed exactly by dividing total body solute by total body water. Thus, 
if 9 liters of extracellular water are lost, reducing body water from 45 to 36 liters, 
the equilibrium concentration will be total solute divided by 36 liters. As a 
result of this process the loss of extracellular space is partly replaced by move- 
ment of water out of cells, permitting cell water to share the loss proportionately 
with extracellular water. If one-third of body water is extracellular, then one- 
third of the loss is extracellular. In the illustration given, although 9 liters 
were lost initially from extracellular space because 6 of the 9 liters or two-thirds 
were given back to extracellular space from cell water, the final loss of extra- 
cellular water was only 3 liters. This means that the rise in osmolar concen- 
tration of serum (and the rise in concentration of sodium in serum) is exactly 
proportional to the loss of body water. 

Plasma water makes up about 25 per cent of extracellular water but the 
volume of plasma is not reduced proportionate to the reduction in total body 
water, because, as plasma volume is reduced and plasma proteins tend to become 
concentrated, there is movement of water into plasma, maintaining the volume of 
plasma at the expense of interstitial fluid. 

This analysis implies that one should not expect to find marked signs of 
dehydration except in the most severe instances of water loss because clinical 
appreciation of dehydration is largely an appreciation of reduction in extracellular 
fluid volume, which, in pure hydropenia, is reduced only slightly. Furthermore 
one should not expect to find signs of hypovolemia either clinically or expressed 


by a rise in hematocrit owing to the tendency to maintain plasma volume at the 


expense of interstitial fluid volume. 

When the deficit in body water is repaired, as by administration of glucose 
in water intravenously, the water added extracellularly tends to move back 
into cells as illustrated in the lower left hand diagram of Fig. 1, restoring normal 
body water volume and osmolarity. This schematic description of events, 
depending as it does upon the assumption that water moves freely between cells 
and extracellular space in the direction of maintaining isosmolarity, is supported 
by the observations of Leaf and others?! who estimated redistribution of water in 
man following certain water and solute loads. It is not confirmed by observa- 
tions by Leard and Freis” who estimated water space following water depriva- 
tion in man. These latter data are highly variable; they include only a few 
subjects; and it is doubtful that the measurements made were sufficiently accurate 
to confirm or deny the hypothesis. 

Data supplied by Black, McCance, and Young can be used to illustrate 
the value of the analysis described above. These workers deprived two healthy 
men, D. B. and J. H., of water (except for that contained in apparently solid 
food) for three and four days, respectively. At the end of this period D. B.'s 
serum sodium concentration rose from 148 to 160 mEq. per liter. His initial 
weight was 63 kilograms. His initial body water can be assumed to have been 
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60 per cent of 63 or 37.8 liters. The product serum sodium concentration times 
body water before dehydration is assumed to equal the same product after dehy- 
dration, or (148 mEq. per liter) X (37.8 liters) = (160 mEq. per liter) X (body 
water after dehydration). From this equation, body water after dehydration is 
calculated as 35 liters; or D. B. lost 2.8 liters of body water. Measurement of 
water balance demonstrated that the loss was in fact 3.5 liters. Similar calcula- 
tions can be made for J. H. whose serum sodium concentration rose from 142 to 
155 mEq. per liter. His initial weight was 70 kilograms and his initial body water 
was therefore approximately 42 liters. From the two values for serum sodium 
concentration and the initial body water it can be calculated that his final body 
water was 38.5 liters, a loss of 3.5 liters. Measurement of water balance in J. H. 
demonstrated that he had lost 3.5 liters, in exact agreement with the calculated 


loss. 
REVIEW OF REPORTED CASES 


Hyperosmolarity Associated With Intracranial Disease-——There have been 
12 reports of hyperosmolarity in adults in the presence of intracranial disease. 
At the time most of these cases were reported it was quite plausible to suggest 
that lesions of the brain might have interfered in some way with mechanisms 
responsible for control of salt and water. There are a few instances of true 
acute diabetes insipidus” but these obvious examples form a small minority 
of the cases. Although it is conceivable that injury to appropriate areas of 
the brain might produce transient defects in salt and water metabolism, other 
than frank diabetes insipidus, in most cases it is not necessary to invoke such 
an hypothesis. 

It will be a recurrent theme in discussing the case reports that the normal 


kidney cannot limit its water output to 500 ml. or so per day when it is presented 
with a large solute load, a fact not yet well demonstrated when the early reports 


SS 


were made. Urinary loss of water due to solute diuresis plus increased Josses 


from skin and respiratory tract in febrile and hyperpneic patients leads inevi- 
tably to serum hyperosmolarity unless water intake is increased to match the 
loss. Where data are available in the case reports it can be shown that water 
intake was inadequate. This alternative explanation of hyperosmolarity in many 
of these patients has been made previously by Welt and otHers.!® 

\llott,> in 1939, seems to have been the first to suggest that interference 
with release of antidiuretic hormone may have been responsible for hyperosmo- 
larity in patients with intracranial disease. Allott’s report concerned four pa- 
tients, of whom three were adults, in whom there was hypernatremia. In two of 
the three adults there was intracranial disease; at autopsy one had a ruptured 
aneurysm of the left anterior cerebral artery, the other had recent softening of the 
right internal capsule. The third adult had bled from esophageal varices. (See 
below for discussion of hematemesis as a cause of hyperosmolarity.) No details 
of the clinical course are available but it is significant that the patient with rup- 
tured cerebral aneurysm had been vomiting, and the patient with encephalomala- 
cia had been ill for a week and had melena from a bleeding duodenal ulcer. All 
three adults had azotemia without post-mortem evidence of renal disease. They 
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therefore had an exaggerated urinary solute load which implies that they had to 
excrete increased quantities of water. If vomiting or debility limited their water 
intake, it is easy to explain hyperosmolarity without invoking disturbance of 
the pituitary antidiuretic hormonal mechanism. The concentration of sodium in 
the serum of Allott’s patients was only moderately high, 153, 162, and 167 mEq. 
per liter, and that of chloride was only 107, 120, and 139 mEq. per liter. In the 
most severe of these instances, the hypernatremia can be accounted for by a water 
deficit of only 6 liters. In the presence of increased urinary solute load a water 
deficit of this size could occur in three days without water intake, in less than two 
days if insensible losses and sweat were increased by fever and hyperventilation. 

In 1943, Luetscher and Blackman’* reported five patients in whom marked 
hyperosmolarity developed. Sulfathiazole had been administered to all five 
patients in the recent past; all had a severe illness manifested by symptoms of 
cerebral disturbance such as drowsiness, confusion, delirium, or coma. Four of 
the patients died; one recovered from the acute illness but exhibited signs of 
cerebral damage for at least three months thereafter. Post-mortem examination 
revealed renal lesions which might now suggest acute tubular necrosis. Indeed, 
the clinical course suggested acute renal failure in four, if not all, of the patients. 
The main role of sulfathiazole may have been that it caused vomiting with loss of 
salt and water, decreased fluid intake, hypovolemia, shock, reduced renal blood 
flow, and acute renal failure. 

Luetscher and Blackman’s Patient 1 began to vomit six days before admis- 
sion, ‘“‘retained no food or fluids and passed little or no urine.’”’ Patient 2 began to 
vomit and “passed little or no urine’’ in the two days prior to admission. Patient 
3 had post-partum fever, was given sulfathiazole, had nausea and vomiting, 
passed ‘‘very little’ urine for four days. Patient 5 was given sulfathiazole for a 
sore throat, vomited, and could not retain even fluids two weeks prior to ad- 
mission. Despite dehydration and reduced urine volume, urine specific gravity 
was only 1.010, and despite metabolic acidosis urine pH was 7. Patient 4 had 
massive hemorrhage from a gastric ulcer, and this may have beeu responsible for 
events leading to water deficit and hyperosmolarity (vide infra). 

The pioneer report by Luetscher and Blackman is superb and careful in detail. 
One can reconstruct from it an excellent picture of the patient’s clinical and 
chemical status, including the quantity of salt and water supplied during hos- 
pitalization. Unfortunately, during crucial periods, the patients were incontinent, 
and no urine volumes were recorded. It is stated that urine was profuse. In 
some instances it is possible to guess that there may have been large loss of water 
through sweating; in others that there may have been increased loss of water of 
vaporization through hyperventilation. From the data supplied, it is possible to 
estimate, for example in the case of Patient 1, that during four days in which 
serum hyperosmolarity developed, if there were not a positive NaCl balance the 
patient would have had to be in negative water balance at a rate of 2.5 liters per 
day. Since intake was recorded at 3.7 liters per day, water losses during this 
period would have to have been 6.2 liters per day. From the recorded rate of fall 
in blood N.P.N. concentration the total urinary solute load during these four days 
can be estimated, and it can be calculated that isosmotic urine would have been 
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excreted at a rate of no less than 2 liters and perhaps as much as 4 liters per day. 
Through hyperventilation the patient may have lost an additional liter per day, 
leaving 1 to 3 liters to be accounted for by losses through skin as sweat and 
water of vaporization, quantities that seem quite reasonable. 

Among 14 patients described by Brock?’ as showing ‘‘premortal’’ hyper- 
osmolarity were 6 patients with cerebral apoplexy. Serum ‘‘total base,’’ chiefly 
sodium, rose as high as 180 mEq. per liter in most cases without equivalent rise in 
serum chloride concentration. Published data do not permit an estimate of the 
size of water intake and output in Brock’s patients. 

In 1948 Sweet and others** reported four patients who developed hyperos- 
molarity in association with lesions of the frontal lobe, three tumors, and one 
bilateral lobotomy. As a result of this experience the authors suggested that a 
lesion around the third ventricle or posterior part of one frontal lobe may cause 
hyperchloremia and azotemia. While this suggestion may prove correct in the 
future, it is unnecessary to invoke any central mechanism. Only sufficient data 
are published to estimate water balance in one of the patients, a woman who, 
following frontal lobotomy, developed thrombophlebitis, suffered multiple pul- 
monary infarcts and shock, became azotemic, and bled massively from acute 
esophagitis. Water losses from three sources were probably exaggerated. Uri- 
nary losses were increased not only from augmented urea load but also from large 
intake of sodium chloride. From their data on fluid intake and urine volume it 
can be calculated that over a 15-day period prior to initial detection of hyper- 
natremia the patient was in negative water balance by no less than 5.6 liters 
assuming only usual insensible losses and perhaps by as much as 20 liters if in- 
sensible loss and sweat amounted to as much as 2 liters per day. Since there are 
notes describing hyperpnea and fever, it is probable that loss of water through 
skin and respiratory tract was increased. 

Goodale and Kinney,®?’ in 1949, reported hyperchloremia and probably 
hyperosmolarity in a psychotic man to whom sulfadiazine had been administered, 
reminiscent of the experience of Luetscher and Blackman. The patient’s initial 
illness was febrile, and during the first week in a psychiatric hospital “urination 
was noted to be very scanty.’’ There was rapidly mounting azotemia. By the 
end of the second week he was receiving 4,000 ml. of parenteral fluids containing 
9 Gm. of sodium chloride and 3 Gm. of sodium bicarbonate daily, and his urine 
output had risen to 2,000 ml. per dav It was then discovered that serum chloride 
concentration was 146 mEq. per liter. Although he appeared dehydrated clini- 
cally, the specific gravity of his urine was only 1.008. Although it has been sug- 
gested that sulfadiazine caused lesions of the brain with production of a state 
resembling acute diabetes insipidus, there is no need for this hypotheses. It is 
likely that the patient suffered acute renal failure and was inadequately hydrated 
early in his disease. As he began to diurese, his urinary solute load (and required 
urinary water loss) was increased not only by the large accumulation of urea but 
also by 12 Gm. of salt administered to him daily. Water loss through skin was 
probably increased also in the presence of fever noted to have been up to 103°. 

The report by McLardy,*° in 1950, of deaths following leukotomy has been 
referred to by others as an example of hyperosmolarity secondary to intracranial 
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lesions. Among a large group of patients, following leukotomy, seven were 
considered by McLardy to have died in uremia about three or four weeks post- 
operatively. This appears to have been in part a clinical diagnosis since there 
were no blood chemical analyses in two of the patients. There were no serum 
electrolyte determinations. There are no statements concerning fluid intake and 
output. It is impossible to appraise the report, and it provides no evidence to 
support the hypothesis that cerebral lesions cause hyperosmolarity by interfering 
with the antidiuretic hormone. 

MacCarthy and Cooper*! were forced to tie both anterior cerebral arteries 
during excision of a large pituitary adenoma. The patient’s preoperative state 
of hydration is unknown. Postoperatively there were a number of episodes of 
shock associated with increased respiratory rate and fever. It is stated 
that the patient excreted “‘more than 1,000 ml. of urine,’ but how mich more is 
unknown. Water intake was approximately 3,000 ml. a day and ‘‘the patient 
never received more than 9 Gm. of sodium chloride in any period of 24 hours.” 
Urine specific gravity varied from 1.004 to 1.014. The patient excreted 1.3 and 
1.0 Gm. of chloride per day on the two days in which it was measured, but intake 
was not stated. On the sixth postoperative day it was discovered that the patient 
had marked azotemia, serum sodium was 170 mEq. per liter, and chloride was 
122 mEq. per liter. It is, of course, quite possible, considering the location of the 
lesion, that there was acute diabetes insipidus. Nevertheless, in the presence of 
a high blood urea concentration and a daily salt load that may have been up to 
9 Gm. a day one would expect a large volume of relatively unconcentrated urine, 
and the stated intake of 3 liters a day may well have been inadequate to match 
urine loss plus increased losses as sensible and insensible perspiration. 

Cooper and MacCarthy® reported two additional cases of hypernatremia 
and hyperchloremia, one of whom had a chromophobe adenoma of the pituitary 
and the other a probable thrombosis of a middle cerebral artery. In neither 
patient was urine very concentrated (specific gravity 1.008 and 1.012), and urine 
chloride excretion was low. However, chloride and fluid intake are not reported, 
and it is not possible to estimate fluid balance. 

Higgins and others* reported six patients with head injuries as examples of 
hyperchloremia and hypochloruria and postulated that the head injuries were 
responsible directly for the chemical abnormalities. No data on fluid intake and 
output were presented. Three patients had normal concentrations of serum 
sodium; in one the serum chloride concentration was normal, and in only two was 
it over 120 mEq. per liter. In most cases the mild hyperchloremia could be 
accounted for by only a few liters of water deficit, incurred after only two days of 
water lack. 

Cooper and Crevier*! reported as ‘“‘neurogenic hypernatremia and hyper- 
chloremia”’ four patients with intracranial disease and mild to moderate hyper- 
natremia. Two were infants, one malnourished and the other with bilateral 


subdural hygroma in whom serum sodium and chloride concentrations returned 
to normal postoperatively. One adult was confused and disoriented for one 
month, had normal serum electrolyte concentrations on admission, and developed 
moderate hypernatremia and hypochloremia during the postoperative week. At 
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this time the patient was hypotensive, was hyperthermic, had labored breathing, 
and was in coma. Fluid intake was 2,500 ml. per day, and output was 900 to 
1,600 ml. per day. It is probable that extrarenal losses were sufficiently large to 
place the patient in negative water balance. The fourth patient developed mild 
to moderate hypernatremia and hyperchloremia two months after subtotal re- 
moval of a craniopharyngioma. No estimate of water balance can be made, but 
it is possible that this patient is another example of true diabetes insipidus fol- 
lowing removal of craniopharyngioma as described by Peters.” 

Welt and others!® reviewed many of the cases up to 1952 and six patients of 
their own who had hyperosmolarity in the presence of intracranial lesions. Three 
are presented as examples of ‘inadequate water intake in patients with some in- 
crease in the extrarenal loss of water in excess of salt as insensible and sensible 
perspiration.”’ A fourth patient had acute diabetes insipidus. Two other pa- 
tients had head injuries and developed hyperosmolarity. In one of these it was 
estimated that gavage feeding provided the patient with a urinary solute load of 
more than 1,200 mOsm per day. The authors pointed out that they could not 
excrete this in less than a liter a day, and he might even have had to excrete 
nearly two liters of urine a day to remain in sodium balance. During a 10-day 
period the patient received 2.3 liters per dav, on the average, an amount too 
small to match his urine loss plus loss of water through skin and respiratory tract. 

Welt and others,'® in discussing this case, stated: “It is conceivable that 
certain cerebral lesions may be responsible for an abnormal tonicity of the body 
fluids; this could result from a primary increase in cellular osmolar concen- 
tration .... However, the fact that this clinical picture of severe water deficit 
with unusual hypernatremia has been reported so frequently among patients 


with neurologic disorders may have no more specific relation to the central 


nervous system than the fact of a clouded state of consciousness which limits 
the ability to experience and express the sensation of thirst.’’ 

In 1953, Ullmann* reported a case of encephalitis. This woman, following 
three hours’ exposure to the hot Israeli sun, developed malaise, restlessness, con- 
fusion, and hallucinations. Her temperature which had been normal at onset rose 
to 107° four days later. From the third to thirteenth day of her illness she was in 
a mental institution, and the notes on fluid intake and output are not specific. 
On admission to a general hospital on the thirteenth day of illness she was de- 
scribed as unconscious and extremely dehydrated. Her spinal fluid was normal. 
During two weeks following admission she had intermittent fever to 102° and 103° 
daily. On admission the concentration of urea in serum was 197 mg. per 100 ml., 
of sodium, 190 mEq. per liter, and of chloride, 133 mEq per liter. 

Ullmann’s report contains all the information necessary to estimate fluid 
balance. After one week in the hospital it was appreciated that the patient’s 
water intake was too low. She was given 4,500 ml. of fluid daily of which 600 
ml. was sodium lactate, 1/6 M, and her urine output averaged 1,580 ml. over a 
three-day period during which serum sodium concentration fell from 184 to 137 
mq. per liter. Before rehydration the specific gravity of urine was 1.007 to 
1.012. The patient recovered completely, and one month after discharge her 
‘renal concentration power was normal.” 
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Although Ullmann renewed the suggestion that hyperosmolarity was the 
result of damage to osmoreceptors with deficient release of antidiuretic hormone, 
his data show clearly that the patient was in negative water balance until fluid 
intake was raised to 4,500 ml. per day. There is room for doubt concerning the 
diagnosis of encephalitis. The illness could have begun with excessive sweating 
during exposure to the sun, with inadequate water replacement followed by azo- 
temia, and further water losses with solute diuresis and continued large water 
losses through skin in the presence of fever. Once the patient was rehydrated she 
became well, and she did not continue to require extraordinary amounts of water. 

In 1955, Schoolman, Dubin, and Hoffman** reported that over a four-year 
period they had found hypernatremia in 63 patients “‘secondary to intracranial 
pathology.’’ All entered the hospital in coma or semicoma and, despite restitu- 
tion of serum sodium and chloride concentration to normal, a task that the authors 
found “extremely difficult,’’ most of the patients died within 48 to 72 hours. 
Most of these patients had only mild to moderate hypernatremia. Although there 
are no details of water balance in individual cases, three or four days of reduced 
water intake would have sufficed to produce the degree of hypernatremia noted 
in most of the patients. Since the amount of fluid administered is not stated, it 
is not possible to assess the statement that correction of hypernatremia was 
extremely difficult. It implies that the water deficit was surprisingly large. 
Since patients deprived of water are in negative water balance and lose water 
amounting to 2 per cent of their body weight per day, in four days 8 per cent of 
body weight, or 5.6 liters, can be lost by a 70 kilogram man. To replace this 
loss plus the continuing minimal loss of 1.4 liters per day during restitution re- 


’ 


quires at least 7 liters of salt-free water. 

Hyperosmolarity Associated With Gastrointestinal Bleeding.—In 1936, Borst*? 
found that most of his patients who suffered massive hemorrhage from peptic 
ulcer and who had marked azotemia also had hyperchloremia. Careful study*® 
of several of these patients demonstrated that they developed hyperchloremia 
simply because they were in negative water balance. Diuresis imposed by the 
heavy urinary urea load led to unexpected water loss which was not matched by 
increased intake. Just as in experimental water lack and in hyperosmolarity 
associated with head injuries, concentration of chlorides in urine was low, an 
observation to be anticipated in the presence of high urinary urea load. 

Others, particularly Black,’* have found hyperchloremia much less common 
following gastrointestinal hemorrhage than Borst indicated, but there is little 
reason to doubt the validity of Borst’s explanation. 

Several patients, to whom reference has been made in a previous section, had 
hematemesis or melena along with intracranial disease and hyperosmolarity. 
Two of Allott’s patients,” one of Luetscher and Blackman’s,”® and one of those 
reported by Sweet and others’ fall into this group. Presumably gastrointestinal 
hemorrhage contributed to the azotemia observed in these patients, led to in- 
creased urinary water loss, and produced or increased hyperosmolarity ac- 
cordingly. 

Hyperosmolarity in Uncontrolled Diabetes Mellitus.—Since blood glucose in a 
concentration of 100 mg. per 100 ml. is equivalent to 5.5 mOsm per liter, hyper- 


glycemia implies hyperosmolarity unless concentration of some other solutes is 
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reduced. If there is not concomitant increase in cellular solute concentration in 
hyperglycemia—and there are no data to decide the question—there will be 


movement of water from cells to ECF. 

Quite apart from hyperosmolarity due to hyperglycemia, hypernatremia and 
hyperchloremia have been found in patients in diabetic coma or with milder 
forms of uncontrolled diabetes mellitus. An early report was that of Bulger and 
Peters” who described not only hyperchloremia but also what has been called 
hypochloruria. Low concentration of chloride in urine does not of itself imply 
positive chloride balance, and perhaps hypochloruria, a term used widely, is a 
misnomer except in those instances in which the kidney fails to excrete sufficient 
chloride to maintain balance. Reference has already been made to the report of 
Fullerton, Lyall, and Davidson" who found hyperchloremia in a patient who had 
diabetic coma and uremia. 

Danowski and others*? measured water and electrolyte balances in a group 
of patients admitted in diabetic acidosis. In several of them, although serum 
sodium and chloride concentrations had not been high on admission, there was 
mild but definite hypernatremia and hyperchloremia after 24 hours of therapy. 
The highest serum sodium concentration, 162 mEq. per liter, occurred in a patient 
who received intravenously 1,000 mEq. of sodium and 6,750 ml. of water during 
the first 24 hours. This massive sodium intake, equivalent to about 60 Gm. of 
NaCl, could not be matched by urinary excretion of sodium. The patient excreted 
relatively more water than sodium chloride, and hypernatremia had to follow. 
A second patient whose serum sodium concentration rose from 142 to 158 mEq. 
per liter received 1,723 mEq. of sodium in 24 hours, and hypernatremia resulted 
for the same reason. 

Schoolman, Dubin, and Hoffman*® mention an additional nine patients 
admitted in diabetic coma who developed hypernatremia within 24 hours. All 
nine patients responded to subsequent administration of salt-free solutions. No 
details are given. 

These examples of hypernatremia due to administration of large quantities 
of sodium chloride in dehydrated patients do not include all instances of hyperna- 
tremia in diabetes. Some diabetics develop hypernatremia just as do other 
hydropenic patients simply because water intake fails to keep pace with water 
loss. Urinary water loss, of course, is increased, the chief urinary solute may be 
glucose, and the concentration of urinary sodium and chloride may be reduced. 

Shifts in Body Water After Sodium Chloride Excess: an Idealized Scheme.— 
Production of hypernatremia in patients with diabetic coma by administration of 
massive amounts of sodium chloride is reminiscent of experimental hypernatremia 
produced in kittens by intraperitoneal injection of hypertonic solutions of sodium 
chloride.'*° Hypernatremia so produced leads to intracellular dehydration 
just as though there had been a water deficit. It differs from hypernatremia of 
water deficit in that it leads to expansion rather than contraction of extracellular 
space. 

Shifts in body water after retention of sodium chloride are illustrated in 
Fig. 2, based on the same scheme presented in Fig. 1. Consider that a quantity 
of sodium chloride is added to extracellular fluid. If water could not diffuse across 
cell walls there would be simply increased concentration of sodium chloride in 
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extracellular fluid. Owing to added solute the chemical potential of water in 
extracellular fluid is reduced, and water moves from cells to extracellular space 
until there is no longer a difference in the chemical potential of water. At equilib- 
rium there is hyperosmolarity with intracellular dehydration and with edema. 
If salt excess is added to water loss there will be further movement of water 
from cells, already dehydrated, and expansion of extracellular space. Whether 
or not clinical edema follows depends quantitatively upon the amount of water 
lost and the amount of added sodium chloride. Since most of the alarming symp- 
toms and signs of hyperosmolarity are owing to intracellular dehydration or to 
intracellular hyperosmolarity it is clear that the major effects of salt excess and of 
water deprivation or of any combination of the two are essentially the same. 
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Fig. 2.—Sequence of events following sodium chloride excess and its management by withholding 


sodium chloride. The diagram in the lower left illustrates the production of edema when water is 
administered on the incorrect assumption that hypernatremia in this patient was the result of water 
loss. See text describing Fig. 1 for explanation of diagrams. 


Hyperosmolarity Caused by High-protein Diet—On a molar basis about half 
the urinary solute usually is urea. For any given rate of urine flow and total 
solute load the urine concentration is constant and independent of the kind of 
solute molecules; the bigger the urea load, the less the quantity of salt excreted. 
If the urea load is increased by high-protein feeding, urinary salt excretion de- 
creases and the concentration of sodium and of chloride in serum rises. Besides 
the case reported by Welt and associates,!° seven cases of hyperosmolarity caused 
by nasogastric tube feeding of high-protein mixtures, 125 to 200 Gm. of protein 


daily, were reported by Engel and Jaeger.” 


CASE REPORTS 


This report will consider 9 patients with hypernatremia seen in The Johns Hopkins Hos- 
pital in recent years. Milder examples of hypernatremia are more common, particularly during 
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the summer, but such patients rarely require parenteral administration of water, symptoms are 
mild, and complete and uneventful recovery is the rule. 

The 9 patients reported here were all seriously ill. Seven died, in most cases of underlying 
disease despite correction of hypernatremia. 

Clinical and laboratory observations are summarized in Table III. Sevenweremen. The 2 
voungest, aged 52 and 59 years, were women, and both were admitted with diabetic ketosis and 
coma. Two of the men had diabetes mellitus with marked hyperglycemia at the time of admission 


but neither was ketotic 


PABLE III. HYPERNATREMIA IN NINE PATIENTS 


HIGHEST CONCENTRATION 
HISTORY OF SERUM 
PRECIPITATING DISEASE 
AND RESULT 
REDUCED INCREASED Na Cl 
H20 INTAKI H2O LOSS MEq./L mEq. 


190 Diabetes Died 

168 Diabetes Died 

160 Melena Recovered 

204 : Cerebral vascular Died 
accident 

200 5 Meningitis, diabetes Died 

185 12: Diabetes Recovered 

164 138 Cerebral vascular Died 
disease 

194 38 Gangrene, stupor Died 

191 d Cerebral vascular Died 
disease 


\ll nine patients were admitted in stupor or in coma. From meager historical information 
it was possible only to surmise that in seven patients fluid intake was probably inadequate even 
meet ordinary water losses. In seven patients there was information to suggest that water 
losses had been unusually large: three patients had fever and sweating, five were hyperventilating, 
two had been vomiting, three had polyuria. The only patient who failed to have a history of either 
diminished water intake or large water loss was admitted on the day in which he had sudden loss 
speech and signs suggesting occlusion of a middle cerebral artery. He had such extreme inani- 
nd severe dehydration that it is quite likely that his fluid intake had been inadequate for 
ist a week 

Eight of the nine patients had obvious clinical signs of dehydration. All were azotemic. In 
all but one, serum sodium concentration was abnormally high on admission. In one patient, a 
diabetic not in ketosis, laboratory evidence of mild hypernatremia was overlooked, and severe 

hypernatremia developed within 24 hours when the patient was loaded with sodium chloride. 
In none of the patients could it be said that hyperosmolarity was difficult to correct. It was 


corrected easily by supplying sufficiently large amounts of water to seven patients. Of the two 


ts in whom hypernatremia was uncorrected, one was not treated with sufficient vigor, 

h the serum sodium concentration had already been reduced from 190 to 160 mEq. per 

1 days, and the other patient died 24 hours after admission as a result of occlusion of a 
cerebral artery. 

Those who died despite correction of hyperosmolarity died in consequence of cerebral vascular 
accidents, renal failure, sepsis, pulmonary infarction, and diabetic coma. No deaths were caused by 
congestive heart failure secondary to rapid rehydration in this group of patients, conceivably a 
therapeutic hazard, although at least one patient, who had received a large quantity of sodium 
chloride followed by large quantities of water, did become edematous. 

E. H., a 52-year-old woman, had marked obesity, diabetes mellitus, old right hemiparesis 
and probable recent cerebrovascular accident, urinary tract infection, recent fracture of femur, was 
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anorectic for four days prior to admission, drowsy and lethargic for two days, incontinent of urine 
for one day. On admission she was afebrile (temperature rose to 102° and 103° after partial 
rehydration), blood pressure 120/70 mm. Hg. (rose to 200/100 after partial rehydration), respira- 
tory rate 36 per minute. Urine on admission had specific gravity of 1.026, pH 4.5, reducing sub- 
stances and ketones 4+ and Cl 23 mEq. per liter. Serum Na was 190, Cl 108, HCO; 5.2, K 6.4 
mEq. per liter, blood N.P.N. 128, and blood glucose 564 mg. per 100 ml. on admission. In three 
days she received 14,950 ml. of fluid containing 770 mM of NaCl (45 Gm.) or about 52 mEq. per 
liter of sodium. Urine output was 2,600 to2,700 ml. perday. Serum Na concentration fell to 160 
mEq. per liter, and blood N.P.N. fell to 44 mg. per 100 ml. by the third day. On that day she had 
some respiratory difficulty (respiratory rate was 40), and the next day she died. Pulmonary emboli 


were found. 

C. N., a 58-year old woman, had diabetes mellitus (for which the patient refused treatment) 
discovered one year before admission. Eight days of nausea, vomiting, polydipsia, and anorexia 
preceded admission. She was discovered in coma the night before admission. On admission she 


was cachectic, comatose, hypothermic, had Kussmaul breathing, and was in shock. Admission 
urine had specific gravity 1.020, reducing substance, and ketones 4+. Serum Na was 164, HCO 
9.9, K 2.6 mEq. per liter, and blood N.P.N. 77 mg. per 100 ml. five hours after admission. Dia- 
betes was controlled easily. During the first three days she was treated inadequately with 11,980 
ml. of fluid of which about 7 liters was isotonic NaCl. She voided 8,100 ml. of urine during this 
time and serum Na concentration remained at 166 to 168, and serum Cl 135 to 140 mEq. per liter. 
From the constancy of serum Na and Cl concentrations during these three days it can be inferred 
that her sensible and insensible water loss was about 1.3 liters per day. During the next two days 
fluid intake was increased to 9.6 liters with 10 Gm. of NaCl on the first day and none thereafter. 
By the fourth day serum Na had fallen to 143, Cl to 113 mEq. per liter. Two days later after an 
additional 5.3 liters of salt-free fluid serum Na was 137, Cl 101 mEq. per liter. Although she 
remained in the hospital for three and a half months during which concentration of Na and Cl 
in serum stayed normal, she remained out of contact with her environment and was transferred 
to a mental institution where she died four months after onset of her illness, apparently of inani- 
tion, infection, and uncontrolled diabetes mellitus. 

F. B., aged 59, had seven days of vomiting, hematemesis, and tarry stools for at least two 
days and stayed in a hot stuffy room during hot July weather in Baltimore. He was rest- 
less, sweating profusely; his speech was slurred, his nail beds cyanotic. Temperature was 
107°, blood pressure 100/70 mm. Hg. Serum Na concentration was 160, Cl 103, K 3.3 mEq. per 
liter, and blood N.P.N. 80 mg. per 100 ml. Urine specific gravity was 1.015, pH 5.5, protein 2+. 
He received 13.5 liters of fluid in two days, he received an additional 3 liters on the third day, and 
serum Na fell to 143 mEq. per liter. On the second day serum K was 2.2 mEq. per liter, but rose 
with replacement therapy. Clinical response was dramatic. Temperature fell rapidly and his 
sensorium cleared. He was discharged, having recovered from his acute illness 

F. C., aged 60, had a history of hypertension, old left hemiparesis. On the morning of ad- 
mission he suddenly lost power of speech and refused to eat. On admission he was afebrile, blood 
pressure 100/0 mm. Hg, respiratory rate 24 per minute. He had signs of recent occlusion of left 
middle cerebral artery; he was extremely wasted and profoundly dehydrated. It was inconceivable 
that his present illness had begun only a few hours previously. Urine specific gravity was 1.015, 
pH 4.8, protein 1+. Serum Na was 204, Cl 157, K 4.9, HCO; 24.6 mEq. per liter. Blood N.P.N. 
was 83 mg. per 100 ml. During the next 24 hours he received 5 liters of salt-free fluid, mostly 
glucose in water intravenously, but he died 27 hours after admission. 

T. B., aged 61, was the only patient in this group who developed hypernatremia while under 
observation. He had had 10 days of pain and limitation of motion about ‘oints of extremities, 
and he was known to have been afebrile six days before admission. On the day of admission he 
was found febrile, disoriented, and incontinent. He was dehydrated, his neck rigid, and there 
was a 10 cm. diameter fluctuant mass in right supraclavicular space. Spinal fluid was purulent. 
Temperature was 102.6°. There was Cheyne-Stokes respiration varying from 4 to 30 per minute. 
Urine specific gravity was 1.028 with protein 2+ and reducing substance 3+. Serum Na was 143, 
Cl 100, K 5.4, HCO; 23.3 mEq. per liter and blood N.P.N. 63 and glucose 500 mg. per 100 ml. 
During the first three days, during which his temperature varied from 100° to 103°, he received 
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10,150 ml. of fluid containing 900 mM (54 Gm.) of NaCl, and his urine volume was at least 3,800 
ml., only 300 ml. being recorded on the first day. On the morning of the fourth day serum Na 
was 181, Cl 136 mEq. per liter. If hypernatremia were due only to water deficit, it can be calcu- 
lated that he would have had to lose about 8.8 liters of water in excess of intake in three days, 
an unlikely event since intake exceeded urine volume by 2 liters per day. If hypernatremia were 
due only to positive NaCl balance he would have had to retain more than 1,500 mM of NaCl, 
but he received only 900 mM. It is quite likely that he was in positive NaCl balance, the result 
of sudden imposition of massive NaCl intake, and hypernatremia was probably caused by a com- 
bination of NaCl excess and mild water deficit. On the fourth day he received 4,500 ml. of fluid 
containing 465 mM (27,2 Gm.) of NaCl, and the next morning his serum Na was 200, Cl 150 
mEq. per liter. Treatment with salt-free solutions began that evening. Over the next four days 
he received 22 liters of fluid, had a urine volume of at least 6 liters (most of one day’s urine was 
lost), serum Na and Cl fell progressively to 139 and 104 mEq. per liter, respectively, and he was 
slightly edematous. On the second day of salt-free therapy when serum Na was 188 and Cl 
140 mEq. per liter his urine had a concentration of 558 mOsm per liter (sum of urea and electro- 
lytes) of which 212 mOsm per liter represented urea. On the second and third of these days he 
excreted a total of 360 mEq. of Na in the urine. Thus, negative NaCl balance and positive water 
balance combined to eliminate hypernatremia. Presence of edema, indicating overhydration, 
supported the earlier suggestion that his total body water had not been reduced greatly at the 
height of hypernatremia and that hypernatremia resulted in large part from administration of 
far toomuch NaCl. Despite restoration of serum osmolarity he became more ill and died 12 days 
later of acute bacterial endocarditis, pneumococcal mediastinal abscess, necrotizing lobular pneu- 
monia, focal purulent meningitis, and infarcts of kidney, occipital lobe, and myocardium. 

S. C., aged 68, known to have been hypertensive two months before admission, had a produc- 
tive cough for two weeks, 10 days of polyuria and polydipsia, two days of confusion during which 
he neither ate nor drank but continued to pass large quantities of urine. On admission he was 
afebrile, his blood pressure 100/70 mm. Hg. He was semistuporous and extremely dehydrated. 
Urine specific gravity was 1.028, pH 5.5, protein 1+, reducing substance 4+, no ketone bodies. 
Emergency serum Na was reported as 153, HCO; 21.6, Cl 112, and K 5.1 mEq. per liter and blood 
N.P.N. was 103 and glucose 1,000 mg. per 100 ml. Three and a half hours later the routine morning 
blood chemistry determinations showed serum Na 185, Cl 124, HCO; 24.2, K 6.4 mEq. per liter, 
blood N.P.N. 80 and blood glucose 540 mg. per 100 ml. During the first 24 hours he received 13 
liters of fluid containing 710 mM (41.5 Gm.) of NaCl and he passed 3,880 ml. of urine containing 
154 mM (9 Gm.) of NaCl. On the next morning serum Na was 163, Cl 130 mEq. per liter blood 
N.P.N. was 39 mg. per 100 ml., and diabetes was controlled. On a program of forced oral fluids, 
3.6 to 6 liters per day, and NaCl intake of 4 Gm. or less, his urine volume was about 2 liters per 
day less than his intake, and in four days serum Na and Cl were normal, 143 and 104 mEq. per 
liter, respectively. He recovered and was discharged. 

B. E., aged 72 years, showed signs of senility for two years, was bedridden for one month, 
garrulous, childish, and incontinent. Food and water intake were unknown. On the morning of 
admission he was found unresponsive in bed. On admission he was afebrile, his blood pressure 
was 200/110 mm. Hg, respiratory rate 24 per minute. He was emaciated, semicomatose, markedly 
dehydrated, and had decubitus ulcers. Urine specific gravity was 1.004, pH 5.0, protein 2+. 
Serum Na was 164, Cl 138, HCO; 16.6, K 7.2 mEq. per liter, and blood N.P.N. was 170 mg. per 
100 ml. In the first 48 hours he received 8 liters of salt-free fluid and passed 630 ml. of urine. 
Serum Na fell to 143 and Cl to 109 mEq. per liter. Although he improved clinically and chemically 
he died on the fifth hospital day of lobar pneumonia, unrecognized in life. 

W.S., aged 83 years, began to feel drowsy and slept a great deal three days before admission. 
The day before admission his temperature was 102°, he became irrational, and it was noted that 
his left leg was motionless and cyanotic. On admission his temperature was 105°, blood pressure 
80/0 mm. Hg, respiratory rate 40 per minute. He was severely dehydrated, cyanotic, had no 
left femoral pulse, and his left leg was gangrenous. Urine specific gravity was 1.020, pH 5.5, and 
no abnormalities. Serum Na was 194, Cl 138, HCO; 19.1, K 3.3 mEq. per liter. Blood N.P.N. 
was not determined until the second day when it was 80 mg. per 100 ml. After 5,650 of fluid 
containing only about 100 mM (6Gm.) of NaCl he passed 200 ml. of urine, vomited about 200 
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ml., and his serum Na fell to 166, Cl to 118 mEq. per liter. With an additional 2.5 liters of glucose 
in water his serum Na fell to 134, Cl to 116 mEq. per liter. He remained markedly oliguric, and 
on the fifth day his blood N.P.N. had risen to 107 mg. per 100 ml., serum K to 6.7 mEq. per liter, 
serum HCO; had decreased to 11.1 mEq. per liter, and serum Na and Cl were normal. On this 
day he died. There were classical lesions of acute renal tubular necrosis, aspiration pneumonia, 
pulmonary emboli, thrombosis of left femoral artery, and gangrene of the leg. 

T. D., aged 86 years, was admitted from a nursing home because of unresponsiveness for 24 
hours. He was afebrile, his blood pressure 100/60, his respirations Cheyne-Stokes. He was mark- 
edly dehydrated, emaciated, and stuporous. Urine specific gravity was 1.020, pH 7.5, no abnorm- 
alities. Serum Na was 191, Cl 148, HCO; 19.9, and K 5.7 mEq. per liter, blood N.P.N. was 97 
mg. per 100 ml. During the first 24 hours he received 4.7 liters of fluid and serum Na fell to 172, 
Cl to 126 mEq. per liter. Urine Na concentration on this day was 25, Cl 31, and K 68 mEq. per 
liter. In the next 48 hours he received 7.7 liters of salt-free fluid and serum Na fell to 138, Cl to 
111 mEq. per liter, and he was improved clinically. During the next four days his fluid intake 
was inadvertently permitted to decline. He received only 8.5 liters and passed 4.5 liters of urine. 
During the last three of these four days fluid intake and urine volume were almost identical, and 
on the next morning serum Na was up to 154, Cl to 126 mEq. per liter. Two days later he died. 


apparently of a cerebrovascular accident. 


CONCLUSIONS 


Serum hyperosmolarity due to hypernatremia occurs in adults in the absence 
of obvious defects in release of antidiuretic hormone. It occurs in states in which 
water intake is less than ordinarily required to meet usual water losses, as in 
debilitated and neglected patients. It occurs in states in which water losses 
are exaggerated without appropriate increase in water intake, again because the 
patient is unable to increase his water intake. Exaggerated water losses occur 
with large urinary excretion during solute diuresis produced by urea in azotemic 
patients and by glucose in hyperglycemic patients, with large sweat losses in 
febrile patients and in others exposed to heat, with large losses of water of vapori- 
zation through the skin during fever, and with large losses of water of vaporization 
through the respiratory tract in hyperventilation. Hypernatremia can be pro- 
duced in the hospital by administration of large amounts of sodium chloride, even 
as isotonic sodium chloride, to patients who are forced into positive salt balance, 
who cannot excrete urine hypertonic with respect to sodium chloride either 
because they have renal disease or because they already have large urinary solute 
loads of urea or of glucose. 

Hypernatremia is preventable by attention to water intake. It is treatable 
by administration of appropriate quantities of water, usually as 5 per cent glucose 
in water intravenously. There is reason to suspect, particularly from pediatric 


experience,’ that rehydration must not be too vigorous, but even the most severely 


hypernatremic patient can be restored to isosmolarity in three days. A 70 kilo- 
gram man whose serum sodium concentration is 150 mEq. per liter has lost about 
5 liters of body water, replaceable in one day. One whose serum sodium concen- 
tration is 180 mEq. per liter has lost about 9 liters of body water, replaceable 
in two days. One whose serum sodium concentration is 200 mEq. per liter has 
lost about 13 liters of water, replaceable in three days, remembering that continu- 
ing water losses must be matched in addition to replacement of previous loss. 
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The evidence from experiments in acutely hypernatremic kittens!®*° that 
dural and intracerebral hemorrhage is caused by hyperosmolarity and the testi- 


mony of cerebral damage in some patients who otherwise have recovered makes it 


imperative to treat hypernatremia adequately and without delay. 
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HE concept of cohort analysis has been applied predominantly in attempts to 


clarify the pattern of change in disease risk which occurs with age. In partic- 
ular, Andvord,! Frost,? and others** have been concerned with this problem in 


studies of tuberculosis rates. Studies of general mortality by Case,’ and of mor- 
tality from neoplastic disease,*7 have also utilized data presented in the form of 


age risk curves for specific populations. The concept has, however, an equally 
valid application to the study of changes which have occurred over time. Since 
the observation of changes in disease risk over time is one of the most frequently 
used techniques in the formulation of epidemiologic hypotheses, and since know- 
ledge of the source of variation in disease risk with age is at present rudimentary, 
the accurate interpretation of changes with time has often more practical impli- 
cations than does the study of age trends. 

Naturally, conclusions regarding time changes in disease incidence may be 
reached from the study of a succession of age incidence curves, just as age trends 
may be deduced from time trends in age-specific death rates. In fact, Stocks 
and Case’ present data on cancer mortality in the form of age trends for successive 
cohorts, but use the material largely for comparison of the sums of the mortality 
experience of successive cohorts (i.e., changes which have occurred over time). 
However, it is our impression that changes over time are more readily understood 
through the examination of changes over time in age-specific rates. This is 
particularly so when it is desirable to determine whether the changes have affected 
all age groups of the population equally. In addition, as outlined below, the study 
of changes in age-specific rates may assist in the determination of the applicability 


of cohort analysis to a particular situation. 


GENERAL CONSIDERATIONS 


The essential difference between current (or cross-section) and cohort (or 
generation) age curves is well known and need not be labored. Briefly, current 
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curves express the rates manifested by the different age groups comprising a cross 
section of the population at a given moment in time, while cohort curves are 
based on the age-specific rates experienced by a cohort or generation born in the 
same time period, without consideration of the calendar year in which they at- 
tained the ages for which rates are expressed. The distinction between these 
two types of analysis has been clarified recently by Case’ who presents a useful 
diagram of the various age and time contours which are capable of examination. 

Cohort analysis provides the only true measurement of the total experience 
of a group of individuals. As noted by Case,® the animal laboratory worker 
would consider no alternative. In animal work, however, the circumstances whose 
effects are to be determined are usually set up at the beginning of the experiment, 
prior to the period of observation, and it is usually possible to maintain uniform 
environmental conditions during the period of observation. In describing the 
mortality or morbidity experience of a human generation such uniformity 
throughout the period of observation does not obtain, and the fact that environ- 
mental circumstances which are functions of calendar time are changing at the 
same time that the generation is aging, leads to disturbance of the ‘‘pure’’ pattern 
which might have resulted from the characteristics of the particular generation 
or cohort. It would be desirable, if possible, to distinguish that part of the pattern 
which is characteristic of the cohort from that due to superimposed changes with 
time. 

Of course, cohort characteristics may also be functions of time, in that the 
difference between the characteristics of two human cohorts may, and probably 
will, be determined by differences between the time periods during which they 
occupied their early “formative” ages. The intention in the present context, how- 
ever, is to distinguish such changes from changes which affect all, or most, age 
groups of the population simultaneously, regardless of the generations to which 
the age groups belong. 

In certain situations, a decision may be made on completely a priori grounds 
as to the type of incidence or mortality pattern to be expected. For example, 
an epidemic of an acute infectious disease would be expected to affect all cohorts 
existent at a particular point in time. Case,® studying total mortality rates in 
England and Wales, noted the effect of the 1918-1919 influenza epidemic as a kink 
in the age curve at the age of 15 to 19 in the cohort born in 1901, at 25 to 29 years in 
the cohort born in 1891, and at 35 to 39 years in that of 1881. The fact that different 
cohorts were affected at different ages, but that all were affected at the same time 
suggests, as expected, that the change was characteristic of a time period and not 
of a cohort. We may note that, in such circumstances, an age trend for any one 
particular cohort would be misleading since it would suggest an ‘‘age effect’’ at 
the age at which that cohort occupied the affected time period. A current age 
curve will not be capable of such misinterpretation since it will compare age 
risks at the same time period. 

On the other hand, had the epidemic affected a cohort of people, as for 
example would an epidemic of congenital cataract following maternal rubella, 
high rates for the anomaly would be found at all age groups of a particular 
cohort, but there would be no time period at which more than one age group 
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was affected. In this instance the age trend for any single cohort will appropri- 
ately describe the change in risk with age (in the present example there will be 
no change with age), but current curves will indicate (incorrectly) an ‘‘age effect”’ 
at the age group occupied at the time of the particular study by the affected 
cohort. An example of such a situation, in which an apparent anomaly in the 
age trend for breast cancer as determined from a single current curve could be 
attributed to a difference in incidence between two successive cohorts of women, 


has been described previously.® 

More frequently however, no such a priori decision as to the applicability of 
cohort or current rates to a particular situation is justified. This was clearly 
recognized by Springett! in his examination of tuberculosis mortality rates. 
Springett noted that credence in the applicability of one or the other type of 


analysis will depend on (a) a priori reasoning based on knowledge of the patho- 
genesis and natural history of the disease in question, and (b) the demonstration 
of a more consistent pattern of mortality in one or the other type of analysis. 

These two considerations must be weighed together. In the two epidemic 
examples noted above, the a priori grounds are so strong as to render the demon- 
stration of a consistent pattern by one or the other method unnecessary. In 
tuberculosis, on the other hand, while it is a reasonable hypothesis that attack 
rates experienced by a cohort early in life may determine the level of tuberculosis 
mortality throughout the remainder of life, it is just as reasonable to assume that 
tuberculosis mortality depends on environmental conditions existent at the time 
the mortality is being measured. However, the former hypothesis is greatly 
strengthened by the remarkable consistency of age patterns of tuberculosis mor- 
tality as indicated by cohort analysis, a consistency which is not evident in 
current age curves. 

\ similar situation exists in the field of neoplastic disease and, for that matter, 
Hypotheses involving cohort or current determination 
However, it has frequently been assumed, without the 


in most chronic diseases. 
of rates are equally valid. 
additional evidence deriving from greater consistency of patterns, that one or 
the other type of analysis (usually cohort analysis) is the more appropriate. 
For example, Korteweg® and others’!® noted that age incidence curves for lung 
cancer as derived from current data rise to a peak between the ages of 60 and 70, 
and thereafter decrease with age. However, curves describing the age trend for 
cohorts do not show this fall, risks increasing throughout the life span. 
A similar observation has been made with regard to mortality from leukemia in 
England and Wales by Hewitt.'! The assumption that the cohort curve in these 
instances more accurately portrays the real change in risk with age (that is, the 
change in age risk which is independent of the change with time) is frequently 
made, but is not justified. A person aged 70 years, born in the cohort of 1880, 
achieved that age in 1950; a person aged 60 years of the same cohort achieved 
that age in 1940. If there was an increase between 1940 and 1950, either in risk 
of dying from lung cancer or in the risk of being diagnosed as having died from 
lung cancer, then this alone could account for an increase in the risk between the 
ages of 60 and 70. Such an increase would be a function, not of age but of time, 
and the cohort age curve would therefore be misleading. Certainly the hypothesis 
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that lung cancer mortality is characteristic of a cohort is as reasonable as the 
alternative—that it is characteristic of current time. However, neither a genera- 
tion nor a current analysis yields any more ‘‘consistent’’ results than the other. 
Korteweg’s conclusion that the pattern derived from cohort analysis is the more 
acceptable because regular increase with age is seen in the curve for all cancers 
combined and might therefore be supposed to be typical of cancer age curves, is 
in our view not justified, since it is well known that neoplasms of different sites 
have quite dissimilar age curves. Neoplasms of the central nervous system, for 
example, show a well-marked mortality peak in middle age and a sharp decrease 
with age thereafter; these features are evident in both current and generation 
data. 

To assist therefore in arriving at a judgment as to whether cohort or current 
disease patterns are to be expected, evidence of a more consistent type of behavior 
revealed by one or the other methods of analysis should be sought. In the case of 
tuberculosis this ‘“‘consistent’’ behavior was evident in the fact that, in age risk 
curves for cohorts, the peak incidence occurred in the same early adult age group 
in all cohorts, whereas age risk curves based on current data revealed no consistent 
pattern. This age pattern for tuberculosis offered a convenient means of examina- 
tion of the results of the two methods of analysis, and no doubt accounts for the 
preoccupation of students of cohort analysis with the determination of the shape 
of age-risk curves. 

However, in most neoplastic and other chronic diseases, no such convenient 
age peak is available, risk generally increasing throughout life. Although, as 
noted above, there are exceptions to this generalization, even in such exceptions 
the age peak is usually not sufficiently sharp for this examination. In such 
situations, under particular circumstances, use can be made of a peak in the other 
dimension under consideration—time. The particular circumstance which will 
enable this examination is that the direction of the incidence trend with time 
has changed during the period of observation; such a circumstance is of course 
necessary for the production of a peak in the age-specific trends over time. It 
can then be determined whether this peak incidence is characteristic of a certain 
period in calendar time or of all members of a particular cohort. To our knowl- 
edge this method has not been previously utilized. 


EXAMPLES 


The Registrar-General for England and Wales has published data on the 
numbers of deaths from cancer of various sites in 5-year age groups since 1911." 
These are the most satisfactory data for cohort analysis of mortality rates which 
are readily available, the usefulness of comparable data for the United States 
being limited by changes in the registration area and by the extent of immigra- 
tion. Figs. 1 and 2 show the changes in age-specific death rates for cancers of the 
buccal cavity and pharynx and of the digestive organs and peritoneum in males. 
Rates are based on average annual rates for a 3-year period beginning in 1911, and 
at subsequent 5-year intervals. 

The trends were diverse. For both groups of sites the trend in the younger 


age groups has been downward, whereas, at the higher ages, rates increased 
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during the early part of the time period and commenced to decrease only during 
The change from increasing to decreasing rates 


the later part of the time period. 
occurred most recently in the oldest age group and occurred successively earlier 
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Fig. 1 Age-specific mean annual death rates from cancer of the buccal cavity and pharynx in 
males, England and Wales, 1911-1954. 
Fig. 2.—Age-specific mean annual death rates from cancer of the digestive organs and 


in males, England and Wales, 1911-1954 
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Data from Fig. 1 arranged to show date of birth of the population 
for which rates are expressed. 
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in successively younger age groups. Although some irregularity is apparent, 
particularly in the data for buccal cancer, the point of change-over occurs in 
general 5 years earlier with each 5-year drop in age of the group. This strongly 
suggests that the peak incidence is being exhibited by the same cohort but at 
different times according to the date at which this cohort occupied any particular 
age group. The point is clarified in Figs. 3 and 4 which show the same age-specific 
rates arranged, not according to date of death, but according to date of birth of 
the age groups examined. More or less consistent trends are now evident for 
all age groups. For both sites, rates in all age groups were successively higher 
for cohorts of men born between 1835 and 1860 or 1865, after which rates suc- 
cessively declined at all ages. For buccal cancer the rates were maximal in the 
cohort born in 1860 for 3 of the 6 age groups for which data extend back to 1860, 
and in the cohort born in 1865 for the other 3 age groups. For digestive sites, 
rates were maximal in 1865, for 5 of the 6 age groups and, in 1860, for the sixth. 
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Data from Fig. 2 arranged to show date of birth of the population 
for which rates are expressed. 


Fig. 4. 

Buccal cancer is much less common in females than in males, and the rates 
are too irregular to determine whether a cohort pattern is being followed or not. 
However, for digestive sites (Fig. 5), the pattern for females is essentially the 
same as that for males except that maximal rates were exhibited by the cohort 
born in 1860, five years earlier than the male cohort with maximal rates. 

Two interpretations of these patterns of change are possible. First, they 
could result from influences which have in fact acted differentially at different 
ages (as suggested in Figs. 1 and 2), or second, the influences productive of the 
changes may have exerted their effects in such a way as to produce results which 


are characteristic of particular cohorts. It is readily conceivable that changes 
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in rates should affect age groups differentially. However, that the second possi- 
bility is the more likely is suggested by the fact that the rate change occurs five 
vears later (or approximately so) each time that an age group five years older is 
examined. Such a relationship seems too precise to be explained by any mechanism 
other than one which is an inherent characteristic of the cohort. 
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Fig. 5 Age-specific mean annual death rates from cancer of the digestive organs 
and peritoneum experienced by cohorts of English women, 1911-1954. 

The extensive tables of Case and Pearson™ allow examination of the pattern 
of mortality change in England and Wales for many individual sites of cancer. 
A difficulty in the method presently under discussion is that, unless the peak in 
the mortality trend is very sharp, the pattern is easily obscured by small fluctua- 
tions in rates. Consequently for many less common sites, even when a change 
in the direction of the trend has occurred, haphazard fluctuations from period to 
period do not allow the pattern to be distinguished. Furthermore, for many sites 
there has been no marked change in the direction of mortality trends during the 
period of observation (1911-1955). However, an indication of changes occurring 


in a cohort pattern is evident for the following sites: 


(The dates in parentheses indicate the approximate date of birth of the 
cohort experiencing the peak rates; in all these instances the peak was pro- 
duced by a change from increasing to decreasing rates.) 


sophagus—males (1865) 


E 
E 


sophagus—females (1870) 
varynx—miales (1865) 
Larvnx—females (1875) 
Pharynx—males (1865) 
Tongue—males (1860) 
Rectum—males (1865 or 1870) 
Penis and scrotum (1855 or 1860) 
Vulva and vagina (1860) 
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The patterns for two of these sites, tongue and rectum, are illustrated in 


Figs. 6 and 7. 
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Fig. 6.—Age-specific mean annual death rates from cancer of the tongue experienced 
by cohorts of English males, 1911-1955 (data from Case and Pearson"). 
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Fig. 7.—Age-specific mean annual death rates from cancer of the rectum experienced 
by cohorts of English males, 1911-1955 (data from Case and Pearson!*). 
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Two further instances of a change in direction of a secular trend which 
enabled a decision as to whether the changes were functions of specific cohorts or 
of specific periods of calendar time were noted in a previous communication.° 
It was noted that mortality rates for breast cancer in females in England and 
Wales showed two changes in direction of trend. The first involved a change from 
increasing to decreasing rates. This change occurred on a cross-section or current 
basis, affecting all groups over 50 years of age in the same time period. Rates 
were maximal in all age groups over 50 in the time period 1935-1939. The second 
change involved a change from decreasing to increasing rates and occurred in a 
cohort pattern. Cohorts of women born since 1900 have experienced successively 
increasing breast cancer mortality rates, which have been evident at all ages 
attained to date. 


IMPLICATIONS 


The fact that changes in mortality or incidence rates may occur in the cohort 
pattern described above has a number of implications to our understanding of time 
trends in rates for these diseases. For example, the situation with regard to some 
apparently paradoxical trends in age-specific rates is clarified (as noted above for 
buccal and digestive cancer). McKenzie" noted that in England and Wales 
between 1936 and 1952, for several important sites of cancer, death rates were 
decreasing for age groups under 75 years but were stationary or rising for the 
population aged 75 years and over. A possible explanation of this situation, in 
addition to those offered by McKenzie, would be that the decreases in rates for 
these sites have affected cohorts which have not vet entered the older age groups. 
In fact, most of the specific sites for which this behavior was noted are incorpo- 
rated in the groups ‘‘buccal cavity and pharynx”’ and ‘‘digestive organs and peri- 
toneum” for which cohort changes have been demonstrated. It is likely that the 
increases are in part the result of this cohort pattern, but the sharp increases for 
the age groups over 80 years evident for the majority of sites in the tables of 
Case and Pearson™ suggest that other factors of the type suggested by McKenzie 
are operative also. 


In addition to the fact that, in ‘‘current’”’ studies, the time of commencement 
of changes in trends may vary from age group to age group, as in the above 
examples, such studies may give an incorrect impression of differences between 
age groups in the rate of change. Fig. 1, for example, suggests that the rate of 
decrease in mortality rate from buccal cancer has been greater for the younger 


than for the older age groups. However, in Fig. 3, it is seen that the rate of 


decrease has been approximately the same at all ages. The erroneous impression 
from Fig. 1 results from the fact that the rate of decrease has accelerated with 
time. 

Knowledge that changes occur in a cohort or generation pattern also enables 
more accurate prediction of future trends in mortality rates. The relative merits 
of mortality forecasts based on current and generation data are considered in 
the paper of Pollard'® and subsequent discussion.!’ The issue revolves largely 
around the question of whether mortality in a given year is dependent more on 
circumstances peculiar to that year or on the past experiences of the population 
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living at the time. As noted above, it seems to us that the issue can rarely be 
resolved a priori, but requires examination of past mortality patterns. Once the 
occurrence of a particular pattern of mortality has been demonstrated for a 
particular disease, the appropriate method of forecasting can be applied. With 
respect to the forecasting of total mortality (from all causes), which was the 
concern of Pollard and his discussants, both current and generation factors are 
involved, and neither type of forecast is likely to be completely satisfactory alone. 
However, more accurate forecasting does seem possible for specific disease entities 
known or demonstrated to follow one or the other pattern. For example, it may 
be predicted with some confidence that the mortality rates from buccal and diges- 
tive cancers in England and Wales will continue to decline as those cohorts which 
in their younger ages have already shown low rates proceed to occupy the older 
age groups. Similarly it may be predicted that mortality rates from breast 
cancer will increase as women born since 1900, who have already demonstrated 
higher rates, begin to occupy the age groups of highest risk. The latter is 
a particularly interesting example because of the misleading impression given by 
a straightforward standardization technique, illustrated in Table I of a previous 
study.* Crude mortality rates for all ages combined indicated an increase in 
mortality rate, which if projected would suggest continuation of the increase, but 
standardization of the rates to allow for changes in the age distribution of the 
population indicated that rates during the last 25 years had been decreasing. In 
this case the trend in the crude rate suggests the correct prediction, although of 
course for the wrong reason. The incorrect interpretation of the standardized 
rate results from the fact that the cohorts experiencing increased rates have to 
date occupied only a few of the youngest age groups; in the older age groups the 
trend is still downward. These predictions are of course dependent on the trends 
for these neoplasms continuing to exhibit cohort characteristics. They would be 
disturbed by, for example, a sharp change in the effectiveness of therapy, which 
would be expected to affect not particular cohorts, but all cohorts living in a 
particular time period. 

If it is known that relative rates for a particular disease are characteristic 
of a cohort or generation, then the appropriate type of data for accurate descrip- 
tion of changes in risk associated with age can be used. For example, although 
it is not known that changes in incidence of lung cancer are characteristic of co- 
horts, the fact that this is the case for neoplasms of several other sites suggests 
at least the plausibility of its application to lung cancer. In which case the belief 
is strengthened that the cohort or generation age curve, showing increasing 
rates throughout life, is in fact the more accurate description of the change in 
risk with age. 

Lastly, the fact that changes in incidence may occur along cohort lines has 
implications for concepts of the influences which are productive of the incidence 
or mortality changes. It suggests that such influences are present and established 
in the population constituting the cohort early in life—at least before the age 
when the disease rates start to fit into the cohort pattern. Influences operative 
at or just before the time of onset or death would be expected to produce current 
and not cohort changes. Thus, it is unlikely that variation in diagnosis, therapy, 
or classification of cause of death would produce changes characteristic of a 
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cohort. This consideration is relevant, for example, to the increase in breast 
cancer rates seen in cohorts born since 1900. The age of first exposure to these 
influences may vary between birth and age at which cohort changes first become 
apparent. The period in calendar time may be defined by knowledge of the age 
at which the cohort becomes exposed. Thus, the cohort of males born in 1870 
was the first to show decreasing mortality rates from digestive cancer. This 
could result from a decrease in exposure to carcinogenic agents which occurred 
(a) in 1870, in the case of an agent to which the population is exposed from birth 
or (b) in 1890, if exposure is delayed until the age of 20 years. The fact that 
female cohorts commenced the downward trend five years earlier than the males 
could be explained either by an earlier (calendar) start to the reduction of ex- 
posure in females, or by the fact that females normally commence exposure at 
an older age than males. 

In this last connection, it is important to recognize that the measure of mor- 
tality used is derived from the sum experience of a population and is not neces- 
sarily transformable into the risk experienced by any given member of the popu- 
lation. Thus, the fact that the characteristic disease rate for a cohort is in part 
determined early in its existence does not imply that an individual's risk 1s deter- 
mined at the same time. Circumstances may remain characteristic of a cohort 
throughout life but vary in their distribution between members of a cohort at 
different periods. However, bearing in mind that reproductive and other in- 
dulgences which are known to be related to cancer risk are frequently habit- 
forming, it does seem likely that such experiences tend to remain characteristic 
of an individual throughout his life. That they tend to remain so may account 
for incidence changes which are characteristic of a cohort, but any given individual 
may conceivably change his experience by overcoming the general tendency. 


Thus, although the environmental and mortality experience of the cohort may 


be in part predetermined, that of the individual may not be. 


SUMMARY 


The principles of cohort analysis have been previously applied predomi- 
nantly to the problem of the clarification of the pattern of change in disease 
incidence or mortality rates with age. However, many chronic diseases, including 
neoplastic diseases, show no peak in their age incidence curves, such as that 
exhibited by tuberculosis rates, which can be utilized to enable a decision as to 
whether mortality rates are characteristic of a cohort or of current time. 

It is shown that in such situations, where there has been a change in the 
direction of the mortality trend over time, the pattern of changes in age-specific 
rates may assist in this decision. For a number of sites of cancer examined in 
this way changes in mortality rates in England and Wales during the period 
1911-1955 appear to be characteristic of successive cohorts rather than of particu- 
lar periods of calendar time. This finding is relevant to the interpretation of 
the pattern of such changes, to the interpretation of age-risk curves in these 
conditions, and to hypotheses concerning the nature of the influences responsible 


for the changes over time. 
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A NTIBODIES that react with cardiolipin! antigens occur in infections and 
4 disorders other than the treponematoses and cause reactions in serologic 
tests for syphilis. These antilipidst can be differentiated from syphilitic antilipid 
on the basis that they are not accompanied?-* by specific treponemal immobilizing 
antibody.’ However, tests®: for the latter require a ready source of virulent 
Treponema pallidum, and factors such as complexity and cost restrict their use. 
As a result, direct methods for differentiating nontreponemal from syphilitic 
antilipids have received continued attention. Our interest in the problem was 
renewed recently during an evaluation of the specificity of serologic tests for 


syphilis in \ycobacterium leprae infection.'® Analysis of the results with cardio- 
lipin-lecithin-cholesterol antigens showed that the frequency of reactions was 
related to their lecithin content, and a study of the influence of lecithin upon 
reactivity with nonsyphilitic and syphilitic antilipids was undertaken. 


MATERIALS AND METHODS 


Sera.—Sera that reacted with cardiolipin-lecithin-cholesterol antigens were 


obtained from (1) persons with nontreponemal infections or noninfectious dis- 


orders, who were seronegative in critical tests**"" for specific treponemal anti- 


body, and (2) patients with 7. pallidum infections, whose diagnoses were con- 
firmed by dark-field demonstration of treponemes or by specific serologic tests. *:?""! 
All sera were stored at —20°C. Just prior to use, the required volume was heated 
30 minutes at 56°C., and serial twofold dilutions, 1:1 (undiluted) through 1:32, 
were prepared in triethanolamine buffered saline solution.'°t 


Presented in part before the Laboratory Section, American Public Health Association, Buffalo, 
New York, October 13, 1954, and the American Association of Immunologists, Atlantic City, New 
Jersey, April 16, 1956 

*Havana University Hospital, Havana, Cuba. 

+The term antilipid is used in referring to antibodies that react with cardiolipin-lecithin-cholesterol 
antigens 

tOne liter of stock aqueous solution (concentration, 10 X) contained 75.0 Gm. NaCl, 1.00 Gm. 
MgCl» + 6H.O, 0.20 Gm. CaCl. - 2H»O, 28.0 ml. N (CHsCH»2OH)s;, and 180 ml. HCI] (1 N). Before use, 
one volume of stock solution was diluted with 9 volumes of distilled water; the molarity of the diluted 
solution was 0.15, the pH, 7.3-7.4 at 20°C. 

The cardiolipin (Lot C-45) and lecithin (Lot L-47, ex beef heart) were standard products of the 
Sylvana Chemical Company, Orange, New Jersey. Purified cholesterol was obtained from the Pfanstiehl 
Laboratories, Inc., Waukegan, Illinois 
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Serologic Techniques and Antigens.—The VDRL slide flocculation and 
Kolmer complement fixation techniques” were followed. All antigens were 
prepared from the same lots of commercially available reagents to exclude differ- 
ences that might be attributed to the components. The antigens used in floccula- 
tion tests contained cardiolipin and cholesterol in standard concentrations” of 
(0.03 per cent and 0.90 per cent, with lecithin in concentrations from 0.15 per cent 
to 0.33 per cent; emulsions for the tests were prepared according to standard 
The antigens used in complement fixation tests contained cardio- 


procedure.” 
lipin and cholesterol in standard concentrations: of 0.0175 per cent and 0.30 


per cent, the lecithin content varying from 0.0219 per cent to 0.1750 per cent. 
They were standardized by titrating parallel dilutions in saline solution against 
serial dilutions of syphilitic serum in nonreactive serum. The optimal dilution 
for antigen containing 0.0219 per cent lecithin was 1:50, for that containing 
0.0438 per cent, 1:100, and for those containing 0.0875 to 0.1750 per cent lecithin, 
1:130. The emulsions were prepared by measuring diluent and antigen into 


TABLE [. INFLUENCE OF THE LECITHIN COMPONENT OF A CARDIOLIPIN ANTIGEN UPON 
FLOCCULATION WITH ANTILIPIDS DEVELOPED IN MYCOBACTERIUM LEPRAE AND 
TREPONEMA PALLIDUM INFECTIONS 


M. leprae INFECTIONS T. pallidum INFECTIONS 


ANTIGEN 
LECITHIN* 
(cm. %) RESULTS WITH DONOR’S SERUM DILUTED 1:1 THROUGH 1:. 


Donor 82354-2 Donor 82354-7 Donor 


bo be bo WH W 
Sw 


He 3 


py Sa 
Donor 82354-10 Donor 82354-11 Donor 72253-. 


2 
3 


bo bo W G&G 
TF mm NO bo 


Donor 82354—12 Donor 82354 Donor 70654-1 
= 
1 + 

] 


‘ae 4 3 
444431 


*The antigens also contained cardiolipin 0.03 per cent and cholesterol 0.90 per cent 
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separate beakers, pouring the former rapidly onto the latter, and repouring from 
one beaker to the other six times. 


raBLE IJ. INFLUENCE OF THE LECITHIN COMPONENT OF A CARDIOLIPIN ANTIGEN UPON 
COMPLEMENT FIXATION WITH ANTILIPIDS DEVELOPED IN MYCOBACTERIUM LEPRAE AND 
TREPONEMA PALLIDUM INFECTIONS 


M. leprae INFECTIONS T. pallidum INFECTIONS 
ANTIGEN 
LECITHIN * 
(cm. %) RESULTS WITH DONOR’S SERUM DILUTED 1:1 THROUGH 1:32 


Donor 82354-2 Donor 82354-7 Donor 100753- 


yw 4 00 Geo “I 


‘a 


= 
1 
1 
2 


Donor 82354-10 Donor 82354-11 Donor 71953 


+ 


i 48 & 
$424 6244 


Donor 82354—-12 Donor 82354-16 


*The antigens also contained cardiolipin 0.0175 per cent and cholesterol 0.30 per cent. 


RESULTS 


Reactive sera from nonsyphilitic and syphilitic individuals were tested 
quantitatively with cardiclipin-lecithin-cholesterol antigens of varied lecithin 
content. Table I shows the flocculation reactions observed in representative 
cases of VV. leprae infection and 7. pallidum infection. Increasing the concentration 
of antigen lecithin reduced or eliminated reactivity with leprous antilipid. Re- 
activity with syphilitic antilipid, on the other hand, was progressively increased. 
Maximal differentiation of syphilitic from leprous antilipid was achieved at 
lecithin concentrations of the order, 0.27-0.30 per cent.* Table II presents com- 
parable studies of the complement fixation reaction. As in the flocculation reac- 
tion, increasing the concentration of antigen lecithin decreased reactivity with 
leprous antilipid. However, reactivity with syphilitic antilipid was also de- 
creased, although the reduction was not significant until high concentrations of 
lecithin were reached. In complement fixation, maximal differentiation of 
syphilitic and leprous antilipid was attained at a lecithin concentration of about 


*Higher concentrations yielded somewhat unstable antigen emulsions and were not considered 
further 
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0.1 per cent. The studies were then extended to other nontreponemal antilipids. 
Table III provides examples of the flocculation and complement fixation reactions 
observed in a variety of nontreponemal infections and noninfectious disorders. 
The patterns of reactivity corresponded closely with those observed in M. leprae 
infection. 

TABLE III. INFLUENCE OF THE LECITHIN COMPONENT OF CARDIOLIPIN ANTIGENS ON FLOCCULATION 


(SF) AND COMPLEMENT FIxATION (CF) WitH ANTILIPIDS DEVELOPED IN OTHER 
NONTREPONEMAL INFECTIONS AND DISORDERS 


ANTIGEN ANTIGEN 
DIAGNOSIS LECITHIN * SF LECITHIN* CF 
(cM. %) REACTIONST (cM. %) PEACTIONST 


Infectious 0875 
mononucleosis 0219 


Viral pneumonitis 0875 
0219 


Viral pneumonia 2 0875 
3 0219 


Influenza 0875 
0219 


Measles : 0875 
d 0719 


Cryoglobulinemia 0875 
0219 


Hypergamma- 0875 
globulinemia 0219 


Anemia d 3 0875 
0219 


Rheumatoid 0875 
arthritis : 0219 


Lupus erythematosus, 0875 
systemic 0219 


Indeterminate 0875 
(psychosis ) ; 0219 


Indeterminate 0875 
5 0219 


*See footnotes, Tables I and IT. 
+With donor’s serum diluted 1:1 (undiluted) through 1:32. 
tInsufficient serum. 


The divergent flocculation patterns observed with nonsyphilitic and syph- 
ilitic antilipids (Tables I and III) suggested a basis for their differentiation, and 
a simple differential slide flocculation test was developed and evaluated. Serial 
dilutions of serum were tested with otherwise identical VDRL antigens” con- 
taining 0.15 per cent and 0.27 per cent lecithin. Reactivity was recorded accord- 
ing to the usual notation (4, 3,2, 1,+), and the numerical total (+= 14) determined 
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TABLE IV. EvaLuATION OF A SIMPLE DIFFERENTIAL SLIDE FLOCCULATION TEST: CORRELATION 
OF THE SEROLOGIC PATTERN WITH CLINICAL DIAGNOSIS 


PERSONS SHOWING THE GIVEN 
SERO- SEROLOGIC PATTERN 
DIAGNOSIS REACTIVE” 
PERSONS 
TESTED SYPHILITIC EQUIVOCAL NONSYPHILITIC 


Syphilis 


Primary 
Secondary 
Early treated 
Congenital 
Neurological 
Cardiovascular 
Other late 


—a—s to = 
Non ae Bon 


“IT Ww 


bo 
w 


LatentT 


w 


Nontreponemal infections and 
disorderst 


Infectious hepatitis 
Infectious mononucleosis 
Viral pneumonia 
Influenza 

Measles 

Bronchiectasis 

Leprosy 


Cryoglobulinemia 
Hyperglobulinemia 
Anemia 

Rheumatoid arthritis 
Lupus erythematosus 


Indeterminate 


*Reactive with cardiolipin antigens 
+Reactive in tests for specific treponemal antibody 
tNonreactive in critical tests!! for specific treponemal antibody. 


for both antigens. The pattern was designated nonsyphilitic if maximal reactivity 
occurred with the antigen containing 0.15 per cent lecithin, syphilitic if it occurred 
with antigen containing 0.27 per cent, or equivocal if reactivity was the same with 
both antigens.* Table IV summarizes the findings with reactive sera from (1) 


patients representing different stages of syphilis, and (2) persons with various 


nontreponemal infections and disorders. The serologic pattern was syphilitic 
in 95 per cent of the patients with 7. pallidum infections and nonsyphilitic in 
84 per cent of those with other diseases; equivocal patterns were observed in a 


total of 7 cases. 


*A minimal numerical difference of 114, based on at least two serum dilutions, was required arbi- 
trarily for the designations, syphilitic or nonsyphilitic; lesser differences were considered equivocal. 
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Number 1 
DISCUSSION 


In determining the optimal concentration of lecithin for cardiolipin antigens, 
reliance has been placed generally on titrations with syphilitic antilipid. This 
has allowed a wide selection of concentrations, depending upon the preferred 
level of sensitivity (Tables I and II), and antigens standardized on this basis 
have shown considerable differences in ‘‘specificity’’ for syphilis. Antilipids of 
nontreponemal origin have been neglected in antigen standardization principally 
because of the impossibility of excluding treponematosis in the donors. With 
the development of a specific test® for syphilis this problem was largely resolved, 
nonsyphilitic seroreactors being recognizable by the absence of treponemal im- 
mobilizing antibody in their sera.2-* The present study brought out the impor- 
tance of referring to their sera in determining the optimal concentrations of anti- 
gen components. The role of lecithin in controlling reactivity with nonsyphilitic 
antilipid was clearly established, and concentrations conferring, as nearly as 
possible, selective reactivity with syphilitic antilipid were demonstrated for two 
widely-used antigens. 

It is clear that the serologic patterns developed with lipoidal antigens can- 
not substitute for the definitive evidence provided by specific tests*:? for syphilis. 
Nevertheless, results obtained with the differential slide flocculation test showed 
a high degree of correlation with the presence or absence of treponematosis, and 
ancillary applications are apparent. If the findings (Table IV) are grouped by 
serologic pattern rather than by diagnosis it emerges that 38 (95 per cent) of the 
40 nonsyphilitic patterns occurred in patients with nontreponemal infections or 
noninfectious disorders. The differential test can assist in identifying this clini- 
cally important seroreactive group. The antigen containing 0.15 per cent lecithin 
enhances its usefulness in this respect. It is more sensitive to antilipids of non- 
treponemal origin than are the antigens used in standard diagnostic tests for 
syphilis, and by detecting these antibodies sooner than standard antigens it may 
serve to focus attention earlier on persons with developing collagen disease.!*-!8 
The simplicity of the procedure recommends it to any laboratory. 

As this report neared completion, attention was drawn to the abstract!® of a 
report on the agglutination of kaolin particles by leprous and syphilitic sera. 
Particles sensitized with lecithin and cardiolipin in the ratio 1:1 were agglutinated 
more strongly by leprous than by syphilitic sera; the reverse was true of particles 
sensitized with lecithin and cardiolipin in the ratio 10:1. Exceptions were noted, 
but some of these at least may have been due to the fact that the donors could 
The present study supports 


) 


not be tested for specific treponemal antibody.** 
and extends the observations, using a standard cholesterolized antigen and 
antilipids from a variety of nontreponemal infections and disorders. 

SUMMARY AND CONCLUSIONS 


The capacity of cardiolipin-lecithin-cholesterol (C-L-Ch) antigens to react 


with antilipids of syphilitic and nontreponemal origin was studied as a function 
of the lecithin component. Concentrations of lecithin conferring, as nearly as 
possible, selective reactivity with syphilitic antilipid were demonstrated for two 
standard diagnostic tests, one a slide flocculation, the other a complement fixation 


procedure. 
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A simple slide flocculation test for differentiating nonsyphilitic and syphilitic 
antilipids was developed on the basis that the former react maximally with 
C-L-Ch antigen of relatively low lecithin content (0.15 per cent), the latter with 
antigen of high lecithin content (0.27 per cent). Nonsyphilitic reactivity pat- 
terns were observed in 84 per cent of patients with nontreponemal infections or 
disorders, syphilitic patterns in 95 per cent of patients with syphilis. Diagnostic 


applications of the findings are discussed. 
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N THE years 1951 to 1953, over 250 patients were observed who, having sur- 
vived the acute phase of poliomyelitis, entered a life of semi-invalidism due to 
extensive paralytic sequelae. In the course of clinical and laboratory evaluation 
of these patients in the postacute phase of their disease, it became increasingly 
apparent that efforts at rehabilitation were often complicated by secondary 


cardiovascular and metabolic problems. As more patients survive acute paralytic 
accidents and diseases these problems will be multiplied. The present studies 
were carried out to evaluate the influence of long-term immobilization, muscle 
atrophy, and weight loss on renal function in uncomplicated patients and in 
patients who presented problems such as hyposthenuria, hypertension, polydipsia, 
and polyuria. 

PATIENTS AND METHODS 


The 17 patients studied had experienced extensive paralytic poliomyelitis 
and were sufficiently beyond the acute phase to be considered relatively stable 
in weight. (One patient, P. V., Cases 9 and 17, Table I, was studied twice at 
4-month intervals.) There were 12 male patients and 5 female patients. They 
varied in age from 10 to 38 years. The subjects’ weight and surface area at the 
time of study (D) is shown in Table I; also listed is the predicted surface area (C) 
for the patient prior to paralytic poliomyelitis. The extent and duration of 
paralysis is demonstrated by the muscle grade and vital capacity at the time of 
study. All patients required some type of artificial ventilatory assistance for 
a major portion of each day and night. Tank, chest, and rocking bed respirators 
were used alone or in various combinations as part of the standard program used 
in this institution. Renal function studies were carried out while the patients 
were in a chest type respirator. 


This study was carried out with the assistance of a grant-in-aid from the National Foundation for 
Infantile Paralysis. 
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CLINICAL STATUS OF PATIENTS WITH EXTENSIVE PARALYSIS AND MUSCLE ATROPHY IN THE POSTACUTE 


TABLE J. 
PHASE OF POLIOMYELITIS 


SURFACE AREA M? PARALYSIS 


PATIENT AGE SEX HT. (CM. 
DURATION | MUS. GR. | VITAL CAP. 
C7, LOSS (MO.) |% NORMAL | % NORMAL 


1.40 


Mean 


C value for surface area prior to paralytic disease 
D value for surface area at time of study. 


Vital capacity was measured with a Benedict-Roth spirometer and normal 
values were estimated on the basis of the patients’ surface area at the time of 
The normals for children and adolescents are from Ferris and his col- 
The muscles were graded 


study. 
leagues,'? and the values for adults are from West.’ 
using the Lovett system as modified and quantitated by Harrington, Smith, and 


Iddings.‘ 
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A maximum urinary specific gravity was assumed to be reached when, fol- 
lowing 18 to 24 hours without fluid intake, the patient showed clinical evidence of 
dehydration. A normal specific gravity was assumed to be 1.026 or above. 
Standard methods were used for the determination of blood urea nitrogen, cal- 
cium, sodium, and potassium in serum.°-7 

Blood pressure was determined by auscultation using a standard cuff and 
mercury manometer. Mean blood pressure was calculated as the diastolic plus 
one-third the pulse pressure. The glomerular filtration rate was measured by the 
clearance of inulin and the renal plasma flow by the clearance of sodium para- 
aminohippurate. The data shown are the average of at least two consecutive, 
10-minute periods. The details of clearance techniques have been reported 
previously.’ The individual values for glomerular filtration rate and effective 
renal blood flow in Table II have been corrected to 1.73 M? surface area. 

Water loading was carried out in all patients by the rapid intravenous in- 
fusion of 5 per cent glucose in water at rates of 15 to 25 c.c. per minute for 20 to 


30 minutes.§ 


RESULTS 


The data obtained are shown in Table II. The patients are listed in decreas- 
ing order of their ability to concentrate urine and are arbitrarily divided into 
two groups. Group A is composed of patients who achieved a urinary specific 
gravity of 1.026 or better, and group B consists of patients with various degrees of 


hyposthenuria. 

Reference to Table I reveals that the mean values for patients in group A 
and group B as regard age, height, surface area, change in surface area, duration 
of paralysis, muscle grade, and vital capacity are comparable. Examination of 
the mean values in Table II reveal normal values for blood urea nitrogen and for 
serum sodium and potassium in both groups. The mean serum calcium value 
for group A subjects is at the upper limit of normal for this laboratory while 
the mean value for serum calcium in the group B subjects is significantly ele- 
vated (p < 0.01). The mean value for urinary specific gravity of 1.028 in group 
A is significantly above the mean value for urinary specific gravity of 1.014 in 
the group B patients (p < 0.01). 

The mean values for glomerular filtration rate in both groups are within 
normal limits (90 to 130 ¢.c. per minute). However, two individual values in 
group B are definitely below normal (T.T. and F.C.) while two of the group A 
subjects (B.J. and F.L.) exhibited unusually high values. 

Effective renal blood flow values varied in both groups. The mean value 
for the group A subjects is relatively high while that of the group B subjects is 
at the lower limits of normal. Individual values reveal 3 patients with high 
values in group A (B.J., C.L., and R.B.) and one such value in Group B (J.P.). 
One patient in group A (P.V.-2) shows a relatively low value for effective renal 
blood flow while in group B one patient (J.A.) shows a moderately low value, 
and 4 other patients (M.C., T.T., P.V.-1, and F.C.) show definitely reduced 


values. 


. Chron. Jis. 
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The average values for mean blood pressure in the two groups are similar, 


However, 2 patients in group A (A.H. and P.V.-2) and 2 patients in group B 
(P.V.-1 and L.L.) show moderately elevated values. 


TABLE II. MaxrmumM URINARY SpeciFIC GRAVITY, SERUM CHEMISTRIES, AND RENAL HEMODYNAMIC VALUES IN 
PATIENTS WITH EXTENSIVE PARALYSIS AND MUSCLE ATROPHY 


MAX. | MBP 


PATIENT URINE BUN | CALCIUM | SODIUM | POTASSIUM] GFR* | ERBF* | MBP | HeT | 
SP.GR. | MG.%| MG. % MEQ./L. MEQ./L. | C.C./MIN.| C.C./MIN. | MM.HG | % | ERBF 


1490 
1961 
1467 
2130 
1311 
2264 : 
1385 
1910 
1070 


1665 


1190 


2642 


1009 


Mean 1.01 : ; F 1090 


pvalue <0 NS : NS NS ‘i <0.01 


*These values are corrected to 1.73 M? of surface area as calculated on basis of height and weight 

at time of study. 
BU N—blood urea nitrogen Hct—hematocrit by the Wintrobe method 
n(n — 1) GFR—glomerular filtration rate MBP—ratio of the mean blood pressure 


* ERBF—effective renal blood flow ERBF _ to the effective renal blood flow 
SX? MBP—mean blood pressure NS—not significant (p > 0.10) 
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The ratio of mean blood pressure to renal blood flow is used as a method of 
estimating renal vascular resistance. The average normal values range from 0.06 
to 0.08 in our experience. The mean for this ratio in group A patients is within 
normal limits though one individual value (P.V.-2) is elevated. The mean value 
for the group B patients is elevated above normal with a moderate degree of 
elevation in 2 (J.A. and T.T.) and a marked degree of elevation in 3 (M.C., 
P.V.-1, and F.C.) patients. 

Since water loading and subsequent antidiuresis produced no significant 
changes in renal function or in the rate of electrolyte excretion, the details of 
these studies have been omitted from the tables. The typical response of selected 


patients in both groups is illustrated in Figs. 1 and 2. 
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Fig. 1.—Response to water loading of 4 patients of group A who were able to concentrate the urine 
during water restriction. (The individual patients are identified by initials.) The water load ranged 
from 10 to 15 c.c. per kilogram body weight and was administered intravenously in approximately 30 


minutes. Diuresis was prompt as was antidiuresis, and urine excretion returned to near the control 


value within 30 to 45 minutes after cessation of water loading. 


DISCUSSION 


Few data are available concerning the influence of long-term immobilization, 
muscle atrophy, and weight loss on renal function. Many of the patients in the 
postacute phase of extensive peripheral and respiratory muscle paralysis present 
metabolic and cardiovascular complications in which impaired renal function is 
either etiologically linked or suspected. 

The present studies were undertaken to investigate clinical problems pre- 
sented by these patients such as polyuria and polydipsia, lability of water and 
electrolyte homeostasis, and arterial hypertension. On the basis of concentration 
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tests it was anticipated that these patients might have reduced renal function. 
However, when renal hemodynamic studies were carried out the data obtained 
were within or exceeded normal limits in some subjects. Reference to Table II 
reveals that the mean values for the data obtained on patients in group A for 
glomerular filtration rate were well within the normal range and that the value 
for effective renal blood flow was higher than the usual normal for nonparalytic 
subjects. The renal hemodynamic studies therefore fail to point out a definite 
explanation for the problems presented by some of these patients. 
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Fig. 2.—In contrast to the subjects in Fig. 1, these 4 patients of group B showed a reduced ability to 
concentrate the urine during water restriction Water loading of similar degree produced a marked 
diuresis but a delayed or incomplete antidiuretic response and the rate of water excretion had not re- 
turned to the contro] value at the time studies were discontinued, 70 to 80 minutes after the cessation 


of water loading 


An inherent problem in the evaluation of renal hemodynamic studies in 
general has been the selection of a reference standard with which observed renal 
hemodynamic values can be compared. It has been shown that throughout 
childhood and early adult life (2 to 50 years) the use of a surface area reference 
standard gives a more consistent reference in normal subjects. In the newborn 
period and for a variable portion of infancy such a reference standard must be 
accepted with modification.* Similarly in senescence a progressive decline in the 
value for corrected renal hemodynamics has been found.!® The patients under 
consideration have usually sustained an extensive and fairly rapid weight loss so 
that their total body mass and calculated body surface area are significantly 
decreased over their pre-illness values. Although the value for pre-illness mass and 
surface area may be difficult to determine with accuracy at the time problems 
involving evaluation of renal function arise, it would appear to offer the most 
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reasonable approach. In Fig. 3 the average values for glomerular filtration rate 
and renal blood flow of patients in group A are corrected on the basis of present 
surface area (D) and on the basis of pre-illness surface area (C). Use of the pre- 
illness surface area as a reference standard for the paralyzed subjects of group 
A decreases the mean value for glomerular filtration rate from 120 c.c. per minute 
to 104 c.c. per minute. Also, in this manner the mean value for renal blood 
flow is reduced toward the upper limits of the normal range (1,665 c.c. per minute 
to 1,450 c.c. per minute). Application of this method to the mean values for 
the subjects in group B reveals a similar direction of change. The glomerular 
filtration rate decreases from 101 c.c. per minute to 88 c.c. per minute and the 
effective renal plasma flow decreases from 1,090 c.c. per minute to 950 c.c. per 
minute. These findings suggest that the mean values for renal function in some 
of these paralytic patients are within the range of their anticipated pre-illness 
values, while in others there exists evidence of a significant reduction in glomeru- 
lar filtration rate (A.H., T.T., P.V.-1., and F.C.), and effective renal plasma 
flow (P.V.-2, J.A., M.C., T.T., P.V.-1, and F.C.). 


Group A 


% of Pre illness 


Surface Area 


: 00 ~ 
Glomerular Effective Renal 
Area Filtration Rate Blood Flow 
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Fig. 3.—Graphic illustration of the influence of change in surface area during their paralytic illness 
upon the correction of renal hemodynamic values to 1.73 M? surface area. C) represents the estimated 
pre-illness body surface area or the renal function corrected to this value, and (D) represents the body 
surface area at the time renal functions were performed or the renal function corrected to this surface 


area 

The origin of reduced renal function, hyposthenuria, and hypertension in 
some of these severely immobilized patients is still not entirely clear; however, 
two associated circumstances suggest an explanation. Immobilized subjects are 
known to develop a negative calcium balance with variable degrees of hypercal- 
ciuria and at times hypercalcemia.'': In 7 of these patients hypercalcemia was 
present at the time of study and in one other (P.V.-2) it had been present at the 
time of his first examination 4 months earlier. Several of these hypercalcemic 
subjects had some degree of arterial hypertension (mean blood pressure above 
100 m.m. Hg) a finding that has been associated with both hypercalcemia per se 
and with nephrocalcinosis. In addition, patients with marked reduction in vital 
capacity, who must depend upon artificial ventilatory assistance for long periods 
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of time, often exhibited a moderately alkaline plasma pH and reduced alveolar 
pCO» due to relative hyperventilation.” Both of these factors favor the precipi- 
tation of calcium in the distal segment and collecting tubules" of the kidney leading 
to gross or microscopic nephrocalcinosis, a situation commonly associated with 
altered renal function. Since this segment is the usually accepted site of action 
of pituitary antidiuretic hormone (ADH) it may be that polyuria is explained 
by tubular unresponsiveness to ADH. This is further supported by studies in 
2 of the hyposthenuric patients (P.V.-1 and C.C.) to whom 5 international 
units of aqueous Pitressin were given intravenously with no significant anti- 
diuretic response. 

That these findings may be reversible in some instances is illustrated by a 
patient (P.V.-1) with severe arterial hypertension at the time of initial studies 
associated with hypercalcemia, hyposthenuria, reduced glomerular filtration rate, 
and reduced renal blood flow. After a lapse of 4 months, during which time the 
blood pressure was controlled by medical treatment, and after hypercalcemia 
disappeared, the ability to concentrate urine was restored and the blood pressure 
returned to normal limits in the absence of antihypertensive drug therapy 
(P.V.-2). 

Water loading (Figs. land 2) in these patients was used tostudy their response 
to endogenous antidiuretic hormone.* During water loading antidiuretic hormone 
production is inhibited. The subsequent water diuresis leads to hemoconcentra- 
tion with the release of antidiuretic hormone. Although no assay of antidiuretic 
hormone was carried out, the subjects in group A demonstrated a sharp anti- 
diuresis following partial excretion of the administered water load suggesting that 
the method used had led to the release of antidiuretic hormone. By contrast the 
hyposthenuria subjects of group B, under the same circumstances, showed a 


prolonged water excretion curve similar to that of a patient with diabetes in- 
sipidus. The failure of water loading per se to influence renal hemodynamics or 
electrolyte excretion is in keeping with the findings of others.‘: 


SUMMARY 


Renal hemodynamic studies were undertaken in 17 patients with extensive 
paralysis, muscle atrophy, and weight loss following poliomyelitis. Some of 
these patients presented clinical problems such as hypertension, hyposthenuria, 
and lability of water and electrolyte balance which led us to suspect they might 
have impaired renal function. However, the observed renal hemodynamic values 
when corrected to their present surface area were within or even exceeded the 
normal range in many subjects. Since the surface area of these patients was 
reduced by as much as 10 to 20 per cent at the time of study, the observed data 
were recalculated using the pre-illness surface area. This revealed additional 
patients whose renal function was reduced but did not offer an explanation for 
the observed clinical problems in certain other patients. The possibility that 
immobilization with extensive hypercalciuria and, in some instances, hypercal- 
cemia had led to renal tubular calcium deposits which altered renal function is 
considered as an additional contributing factor particularly in the patients with 
reduced responsiveness to antidiuretic hormone and hyposthenuria. 
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These studies would suggest that altered renal function in some of these 
patients is first manifest by reduced ability to concentrate urine (hyposthenuria) 
and only in more severe cases by reduction in renal hemodynamic values and the 


presence of arterial hypertension. 
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HE title for my lecture came with the invitation. Although I know that 

the question is loaded with emotion and is a frequent source of severe criti- 
cism of individual doctors, I have accepted this challenge with some enthusiasm. 
How much to tell the patient and how to tell it can be one of our most difficult 
therapeutic problems. I think it should be looked upon strictly as therapy, 
although it affects us in our public relations. Moreover, it must be managed in 
such a way that we do not lose our own self-respect. Those of us who have many 
patients with cancer meet this problem more often than other doctors, but no 
doctor can do his job day by day and year by year without some kind of policy 
or at least a technique for supporting the morale of patients who face pain, 
disability, or death. 

You can operate on your patient’s body with an eye to anatomy and phys- 
iology, conceiving it as a unit or system to be brought back to optimum condition 
with least possible damage or restriction of its function. You can direct the 
orchestra of your patient's physiologic processes, using medicinal and_ physical 
influences to change the threatening dissonances into lovely harmonies, if you 
have the right knowledge, if medical science has the right drugs, and if the patient 
has the right disease amenable to these means of control. This is the picture of 
doctors at work that presents us in the traditional admirable manner. 

The picture has its shortcomings. The patient’s body is painted in full 
colors, but not his soul. J could not avoid the cliché. It is really not a good way 
to say it. It sounds complete—even pat, but needs much further analysis. The 
patient’s feelings, aspirations, adaptations—his whole style of life—are likely to 
be affected by his illness and by the way his physician handles it. Pain is not the 
only feeling that the doctor should be concerned about. Earning power is not 
the only social problem to be faced in convalescence. The patient’s attitude 
toward himself, his familv, and the society he lives in are subject to injury by 
severe illness. And they are going to be affected by the chosen medical and 
surgical therapy. Therapy consciously directed to the physical aspects is what 
we call rehabilitation, for which we are beginning to develop specialists. Amelio- 
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ration of the financial and social aspects is what we call social service, and what 
we are too likely to leave in the hands of clerical assistants or ‘‘charitable’”’ agen- 
cies. Usually we take up these problems as the next step after we have done 
what we can to bring the patient back to health. We do at this time begin to 
conceive of the patient as embedded in his social environment. Weare beginning 
to fill in the background of the picture. Unfortunately, it is not making the 
picture any more flattering. The physician is likely to appear less than trium- 
phant. His wise choice of drugs and his fine surgical skill are insufficient to 
relieve the financial and social dislocations resulting from the patient’s illness. 
Filling in the family background may even make the physician appear inept or 
neglectful. 

Still the picture is not completed. How shall we paint in the patient’s 
emotional relation to himself? Psychology is a weak science compared to phar- 
macology. Psychiatry has its triumphs as does operative surgery, but the disturb- 
ances of adjustment that we think of as everyday problems have not yet won 
much in the way of scientific discipline or therapeutic management. This does not 
mean that the good physician neglects these problems. It means only that his 


management is not schooled. 
We all know able physicians who do ‘‘treat the whole patient.’ They 
support the patient’s morale, revive his hopes, guide his ambitions, and direct 


his activities into circuits where the feedback will increase his sense of self- 
importance instead of deadening it. And they do all this by intuition. The 
foundation is their own experience. They never learned it from books. In the 
social world we have a name for it—tact. I wish we had a good word for it in 
medical practice. In the hands of those who reveal a talent for it, it becomes a 
high art. Like other arts, it is to be learned only by practice. As the apprentice 
learns from the journeyman in the useful arts, and as the pupil acquires some of 
the master’s mastery in the graphic arts, so in this art, well-developed by the 
old hands in medical practice, the young physician does well to look at the way 
his elders manage it. 

Unfortunately, it is not to be learned by mere imitation. Or, shall I say, 
it is not sufficient to imitate what the successful practitioner does. In fact he 
‘never does the same thing twice,’”’ or if he does he is imitating himself and 
likely to be no more successful than the young man would be in imitating him. 
To be effective, action must be based on understanding. The variety in what 
the master does arises out of his appreciation of the uniqueness of each patient’s 
situation. He tailors his management to fit the patient’s needs. This is what 
the superficial observer fails to see and what the devoted disciple finds so hard 
to learn, namely the acquisition of a real understanding of the nonanatomic 
features of the case. 

There is no chance to learn anything about this in the basic science courses, 
with the possible exception of psychology, where some fundamentals of human 
emotions may be set forth. Professors of economics and of social and political 
science are likely to handle their people in the mass, where they are somewhat 
predictable, and are likely to be relatively uninformative about individual reac- 
tions. Our own daily contacts with other individuals teach us a great deal. We 
do learn to adapt to our society. We do devise and learn techniques of behavior 
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somewhat effective in controlling other persons. These are almost entirely self- 
centered, however. The same reactions—the same techniques of control—take 
on a different color when they become patient-centered, as they do for the good 
physician. There are selfless persons, of course, outside the medical profession, 
but here, tonight, we are all physicians together. At the moment we are talking 
only about controlling the patient for his own good. 

Now, you want to make sure as sure can be that your purpose is in fact 
patient-centered. Are you giving the baby a barbiturate to release him from his 
obvious physical and emotional turmoil, or to shut off the crying that is battering 
your ears and your kindly heart? Are you bringing the patient to the hospital 
to receive treatment that cannot economically be achieved for him at home or 
in order to take the load off a devoted but exhausted wife? Or is it so that you 
will have a nurse to give the intramuscular injections, a resident to start the 
intravenous saline, and an orderly to give the enema? I well remember going 
to fifth floor for a consultation with the late H. P. Hill, one of the ablest and 
most successful physicians of his generation—and having to wait for him to 
finish giving an old lady an enema. He thought nobody could be as gentle as 
he would be in breaking up her fecal impaction. Are you as sure of your defi- 
nitions of duty and convenience as he was? 

These questions are all one question: Are you honest? That is a question 
that none of us will let another ask him. Each of us must ask it of himself, very 
quietly so that no one else can hear: ‘‘Am I doing this for the patient’s benefit or 
for mine?”’ The action questioned may be physical or verbal, pharmacologic or 


psychologic. I well remember an occasion when I was a freshman in medical 
school. A well-known Boston physician, on a visit to the West, was introduced 
to my worshipful class. He stood there with all three buttons of his blue serge 
coat buttoned tightly across his well-nourished middle and talked at length about 
the things I am talking about here. But just one sentence rang more loudly 
than the rest (and it still does): ‘‘Ten years ago | gave up lying to my patients.” 
Young as | was—and | was very young at 20—still I was able to see through that 


one. I can put it in words now, though I dared not say it then: ‘How unfor- 
givably selfish you are, saving vour soul at the expense of your poor patient.” 

Of course I had already ceased to believe that a premeditated lie doomed one 
to hell throughout eternity. I am casuist enough to hold to the conviction that 
although to lie to a person for my own good is, indeed, a sin, yet when it is for 
the good of the person lied to, then it is not merely forgiveable, it may even be 
conscientiously enjoined upon me. If I can keep myself well convinced that my 
purpose is truly patient-centered, then I can lie with a straight face and a clean 
conscience. The occasion arises very seldom, much more seldom than formerly 
when many a patient was thrown into a blind panic at the mere word ‘‘cancer.” 
When the occasion does arise I feel I need a touchstone to assure me that it is 
not a self-seeking fake. Then I ask myself: ‘‘Shall I be able to bear it if my 
falsehood is found out?’ If I do not blush in anticipation, then I feel it is safe 
to go ahead. And when I do lie, I try to make sure I will be believed. 

Many a patient sincerely wishes to be spared the knowledge that he has 
cancer. If he is intelligent, it is usually not necessary to lie to him. There 
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quickly grows up between patient and physician a tacit understanding. All that 
is needed is to brief one’s secretary and nurse about the situation. One’s associates 
in office and hospital should, anyhow, be brought up in the firm policy that 
nobody tells the patient anything; all such inquiries should be referred to the 
physician and handled by him only. 

If such a patient is foolish, he may well yield to the impulse to show how 
brave he is and ask his doctor the direct question: ‘‘Have I got cancer?” adding, 
“Don’t hesitate, doctor, I can take it.’’ You will have felt this coming and you 
will already have diagnosed the patient’s underlying moral insufficiency as well 
as his bravado. You will be ready with the necessary lie: ‘‘No, not cancer, only 
about half as hard to cure as cancer.’” Or you may take refuge in what you 
choose to call a prevarication, or a white lie, or a fib, or a weasel word: ‘‘It’s 
just an epithelioma.”’ But, if you did not hear the direct question coming, de- 
manding the direct answer, if you have not yet become acquainted with the pa- 
tient’s personality, then you will have to stall for time. You can say: ‘We 
can’t tell until we get a piece under the microscope. Even if it isn’t a tumor we 
may still have to operate before you’re rid of it.”’ 

Ordinarily, nowadays, most patients can be told their diagnosis as soon as 
it is made. If it is cancer, there is probably therapy available to cure it, or at 
least to control it for a while. Radical surgery and radical irradiation are so 
severe—give the patient so much discomfort, risk his life so much, and carry 
so much in the way of bothersome sequelae—that one cannot expect an intelligent 


patient to accept them without proper reason. But the diagnosis should not 


be given until! it is certain, or at least as certain as one can make it. <A doctor 
needs a vivid appreciation of the emotional turmoil that he inflicts on his patient 
with a diagnosis of cancer. If the diagnosis is withdrawn, the sense of relief 
is lovely, but it does not recompense the patient for what, in his mind, he has 
already suffered. If the doctor tells his patient that the tumor is benign and 
then later has to explain that it is cancer in order to get him to submit to the 
necessary operation, the doctor can lose the patient’s confidence. His trust 
‘in his physician is one of the patient’s most precious possessions. I am not 
talking about the fact that it is the physician’s most precious possession, too, 
or that it is amazing how so many ordinary persons can have such trust grow 
up between them. What I wish to emphasize is that this trust must not be 
compromised. 

If the patient cannot be told the diagnosis—if it has to remain tacit, or if 
it has to be glossed over—then a responsible relative must be told. I have had 
more than one patient’s wife tell me: ‘Please don’t tell John it’s cancer, he 
couldn’t bear it, he might kill himself.”” And next day have the patient plead: 
“T know I’ve got cancer, but don’t tell my wife, she couldn’t take it.” Only 
after you feel you know both their personalities can you tell whether to let each 
go on thinking the other does not know, or whether you should tactfully bring 
them to see that they are carrying this thing together. 

Having arrived at the diagnosis and determined on the treatment advisable, 
the physician must make sure that the patient will undertake it. Often we hear 
it advised that the ‘‘choice should be left to the patient’’ as to whether his cancer 
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should be excised or irradiated. I do not hold for this at all. The physician knows 
so much more about the disease than the patient can know, and should know so 
well the family’s economic and social situation, that his decision is inevitably 
much more firmly grounded than the patient’s choice can ever be. No, the 
physician most emphatically should not abdicate. If the treatment advised be 
not accepted, this should not be looked upon as the patient’s fault, any more 
than a postoperative hemorrhage is the patient’s fault. The tact to persuade the 
patient to accept a dangerous but necessary operation is as much the physician's 
obligation as the possession of the skill to do the operation. Are you acquainted 
with Mikulicz’ reflex? It is not in my dictionary. It is the immediate flight of 
a patient to the care of another physician upon mention of amputation. You 
have to manage well if you would avoid Mikulicz’ reflex. 

The diagnosis then should not be stated until certain, and by the same token 
the therapy should not be advised until well determined. Consultation in a case 
of cancer or another dangerous disease should be had, if it is to be had, before the 
therapeutic course is determined. Nothing is so exasperating to a consultant as 
to be called to confirm a therapeutic plan begun or already accomplished which 
he cannot conscientiously call the most advisable. Better to call a consultant 
needlessly and have to ask him to cut his fee to match the way you are cutting 
yours—better to call one unnecessarily a dozen times—than to take a chance 
that good advice may come after your questionable course is past amending. 
Nearly all hospital staffs have tumor boards available for consultation in the 
worrisome cancer cases. My advice is quite simple: Use them. 

We still have not considered the patient who has cancer so advanced or of 
such a nature or in such a place that nothing effective can in fact be done. These 
are the ones that break their husbands’ and their mothers’ hearts and are likely 
to break their doctors’ hearts as well. Again I say, do not abdicate. It is vour 
privilege as a physician to show what resourcefulness you have available and to 
reveal at least as much courage as you expect from the patient and his family. 
Some patients seem born without courage; some mothers have as much strength as 
water, but by and large human courage has amazing resources. In the occasional 
patient and the occasional mother, the exhibition of simple, continual, and en- 
during courage is an emotional reward in itself, just to contemplate it. But what 
shall you tell such a patient after you have explained the prognosis to the family 
and revealed the helplessness of present medical science in the present case? 
You will have to tell the patient something, and tell it everv day, and for his 
sake as well as yours you'd better make it consistent. | have only one pervading 
policy, one prescription: leave the patient some shred of hope. 

| am thinking of what the poet* called ‘‘The three Sweet Graces,”’ of which 
Pault wrote: ‘And now abideth faith, hope and charity. And the greatest of 
these is charity.’’ Perhaps so, for the good of your soul. But for the physician 
and for his patient in desperate illness, the greatest of these is hope. There is 
always something you can offer. There is always some drug to be tried, short of 
quackery. At the very least you can ask the patient to look at the rapid advances 
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of medical science and to hope that the cure for his disease is on the verge of dis- 


covery and will possibly be announced next week. 

I often cite my own experience withdiabetes. In 1919,we had no weapon 
against diabetes except starvation. It broke my heart to see little children taken 
along on picnics and then denied the very reason for the picnic, which is feasting. 
I could hardly bear to draw blood for analysis realizing that they could not possi- 
bly grow up—that their disease would surely terminate their lives before they 
got any real living done. Then insulin was discovered, and three of these children 


are living today. 

I’ll end this rambling talk with a set of aphorisms as succinct as I can make 
them: 

1. Do tell the patient all he can understand and accept. 

2. Don’t try to tell him what you know he cannot accept. 

3. Don’t tell him anything until you know him and his personality well 
enough to know what he can accept. 

4. Don’t tell him your diagnosis until you are sure. 

5. Don’t advise treatment in serious cases until 

(a) you are well determined, not on the fence 
(b) you have had the consultation possibly needed (or at all likely to be 
requested ) 
(c) you are ready to go to bat for your opinion 
(d) you think the patient will say go ahead. 

6. In cases requiring amputation (or enucleation) delay a little if it is 
medically safe, until the family can get used to the idea, and until the patient has 
heard other methods of treatment well discussed. Then tell the patient what he 
has to do. Be prepared to name another surgeon or to see the patient pack up 
and go to the Mayo Clinic. 

7. Manage to see mother (or wife or husband) alone and quietly for an 
hour without the patient’s knowing of it. 

8. Lie to the patient, if you must, for his own good. Be sure it is the 
patient’s good that is being served, not yours. 

9. Leave the patient always one straw of hope to cling to. 
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INTRODUCTION 


ROM obscure origins as an esoteric disease, cystic fibrosis of the pancreas 

has in twenty vears become one of the most intensively studied and widely 
discussed maladies in pediatrics. It has begun to present a challenge to the 
practitioners of adult medicine also, since increasing numbers of patients are 
surviving to the second and third decades. An evaluation of the abundant 
literature is presented as a contribution both to pediatricians and to those who 
first encounter the varied problems of the disease in adolescent and adult patients. 

Cystic fibrosis of the pancreas may be defined as a congenital familial 
disease characterized by dysfunction of many of the exocrine glands. The most 
obvious effects are pancreatic deficiency with characteristic morphologic changes 
in that organ, susceptibility to chronic bronchitis, and a high concentration of 
electrolytes in the sweat. Other exocrine glands may give functional or morpho- 
logic evidence of abnormality. The basic defect is unknown. Death occurs in 
infancy or childhood in the majority of cases. 

A variety of names has been given to the disease: congenital steator- 
rhea*:!!!.16°: congenital pancreatic disease; congenital pancreatic steatorrhea!!:!*; 
cirrhosis of the pancreas”; familial pancreatic fibrosis*!; cystic fibrosis of the 
pancreas’; fibrocystic disease of the pancreas’ *’; congenital familial steatorrhea!"®; 
mucoviscidosis™; dysporia enterobronchopancreatica congenita familiaris!; fi- 
brosis of the pancreas'®*’; mucosis**; and eccrinosis.® The most widely used 
terms are cystic fibrosis of the pancreas and fibrocystic disease of the pancreas, 
which, although they fail to describe the disease completely, are generally accepted 
and relatively simple. 

HISTORY 

The pancreatic lesion was first described, in 1905, by Landsteiner™® in a 
case of congenital intestinal obstruction due to meconium ileus. Occasional 
cases of steatorrhea in infancy and early childhood were differentiated from the 
group with celiac disease because the fecal fat was unsplit,®*!'®® but it was some 
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years before this clinical picture was correlated with morphologic changes in 
the pancreas*:!!°-18 and still longer before bronchiolitis was recognized as a char- 
acteristic part of the disease rather than a terminal event in a previously marasmic 
infant.!*:5!| A similar pancreatic lesion was found in infants with xerophthalmia 
and other evidences of vitamin A deficiency by Blackfan and Wolbach.** By 
1938, Andersen! was able to collect from the literature only 27 cases in which the 
pancreatic lesion had been found at post-mortem examination, discovered 20 
further cases among 605 unselected autopsy records in infants and children, and 
received two more reports from other laboratories. Analysis of these 49 cases 
demonstrated that the disease is relatively common and that it is familial. On 
retrospective examination of the clinical records the cases fell into three main 
groups: (1) a small group dying of congenital intestinal obstruction due to 
meconium ileus or intestinal atresia; (2) a large group dying of bronchopneumonia 
before the age of 6 months, many of whom had had diarrhea or had shown poor 
growth in their earlier course; and (3) a large group of older infants and children 
with chronic malnutrition and steatorrhea, usually diagnosed as celiac disease, 
but with death from suppurative bronchitis during infancy or childhood. 
Several series of cases were reported in this and the following year.*?:!!!:196 
Clinical recognition of the disease soon became general in pediatric centers, and 
the cases described in the approximately eight hundred published reports now 
total several thousand. With clinical recognition and improved therapy, par- 
ticularly the advent of antibiotics, the clinical picture has altered. The life span 
has increased, and some aspects of the disease have been newly revealed. The 


226 


disease has proved to be one of varied expression, requiring the informed atten- 
tion of a number of branches of medicine, including radiology, surgery, oto- 


laryngology, obstetrics, and internal medicine. 


PATHOLOGY 


Series of well-studied post-mortem cases have been reported by Andersen,' 
Farber, Wissler and Zollinger,”**> Zuelzer and Newton,**! and Bodian.*”? There 
are also many good but less comprehensive studies. In general the most consistent 
findings are malnutrition, retarded growth, and lesions in the pancreas and res- 
piratory tract. Malformations in the usual sense occur infrequently, with an 
incidence which may be attributed to chance. Primary abnormalities of the 
nervous system and of the organs derived from mesoderm are almost entirely 
lacking. Secondary changes occur, for example, hypertrophy of the right ven- 
tricle secondary to obstructive pulmonary disease, and pyelonephritis in some 
cases with vitamin A deficiency. The most characteristic changes are found in 
certain of the exocrine glands. 

Pancreas.—Anatomic changes in the exocrine portion of the pancreas have 
so far been required for post-mortem diagnosis. It is conceivable that some 
individuals with the basic genetic trait lack a pancreatic lesion. The pancreatic 
changes are pathognomonic of the disease only in infancy and early childhood. 
They are progressive and commence with precipitation of the secretion as a gel, 
which obstructs the smaller ducts and acini and forms eosinophilic concretions 
in their lumina. The acinar cells first show proliferative response and later 


ein eee J. Chron. Dis. 
60 ANDERSEN Tanuuey; 1958 


atrophy. The earliest identified example of this lesion in our series occurred in 
an infant with meconium ileus who was born in the eighth fetal month; small 
eosinophilic casts filled all acini and some ductules, the acinar and ductal epithe- 
lium remaining normal. In some patients dying in the newborn period or early 
During the next few months the masses 


infancy the acini appear disorganized .'*9 


of material increase in size and distend the ducts and acini to form cysts lined 
by a single layer of flattened epithelial cells. Occasional necrotic acinar cells 
are seen and a leukocytic reaction with many lymphocytes and occasional poly- 
morphonuclear phagocytes appears. Progressive inter- and intralobular fibrosis 
develops. The lesion is most distinctive between the ages of about 2 months and 
2 years. Comparison of patients dying at about the same age shows some varia- 
tion in the development of the lesion. The picture is similar in the head, body, 
and tail of the pancreas.** The cysts increase in size and may reach a diameter 
of 2to 3mm. Their content varies from casts showing a concentric pattern of 
hyaline material to granular precipitate in which may lie cylindrical hyaline 
casts, apparently extruded from acini, desquamated epithelial cells, or a few 
leukocytes. Calcification is occasionally seen. Groups of well-preserved acini 
are usually present. The origin of the cysts was disputed by earlier authors 
reporting single cases, but derivation from both acini and ductules seems obvious 
after study of cases of various ages. Only two reconstructions of the duct system 
have been reported, one of which apparently concerned a case of polycystic 


° The other?’ 


disease of the pancreas and liver rather than cystic fibrosis.'® 
shows isolated cysts and dilated spaces connected with the duct system, a finding 
corroborated by Bodian*’ by means of serial sections. 

The main pancreatic ducts may be occluded,?7!*7!5."7" stenotic,?7:108:1% 
At present it is generally 


or 
dilated.1. They are usually patent.'44:148.184,288,289,241 
agreed that the lesion is not caused by primary obstruction of the main ducts. 
Further evidence is the presence of cystic fibrosis in accessory pancreatic tissue 
occasionally found in the wall of the stomach or intestine.’:* Cystic fibrosis 
has been confused with polycystic disease of the pancreas, liver, and kidneys; 
in the latter malformation the main ducts form multilocular cavities while the 
acini are intact. 

Adipose tissue begins to infiltrate between the lobules and to replace the 
atrophying parenchyma. At the age of 3 or 4 vears the pancreas may appear 
as a mass of adipose tissue through which run fibrous strands containing islands 
of Langerhans and small remnants of cysts and atrophic acini. Still later only 
islets and adipose tissue may remain.®:? Occasionally, the fatty infiltration 
is minimal and the gland consists chiefly of fibrous tissue and islets. In many 
older children and adolescents the morphologic changes are no longer pathog- 
nomic but present an appearance common to the late stages of destruction of 
acinar tissue from a variety of causes.'*! In reporting two cases of lipomatosis 
of the pancreas with long-standing bronchiectasis, one patient dying at 10!5 
vears of age and the other at 26 vears of age, Burkhardt* pointed out that some 
adult cases of pancreatic lipomatosis may in fact be cases of cystic fibrosis of the 


pancreas. Interpretation of lipomatosis as the end result of the evolution of 


the pancreatic lesion in typical clinical cases has been generally accepted by most 
authors,”! Bodian*’ excepted. 
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The islands of Langerhans are usually considered normal in number and 
appearance. However, reduction in number*?!* and budding of new islet cells 
from ductules have been described.'**** The connections between islets and 
acini appear to persist longer than usual.”® Diabetes mellitus is rare but can 
occur." The reported cases have all been in children over the age of 5 years 
and have been relatively mild. 

Respiratory Tract—Death is due to the sequelae of chronic bronchitis in 
the majority of cases.*7:*%.85.241 The cause for this abnormal susceptibility to 
respiratory infection is not apparent on morphologic examination. The lungs 
appear normal at birth®* and in most infants dying of congenital intestinal ob- 
struction in the first few weeks of life. In those dying with respiratory symptoms 
during the first months, the common findings are marked emphysema, chronic 
bronchitis with round cell infiltration, superimposed suppurative bronchitis, 
lobular pneumonia, and focal or segmental atelectasis. The trachea and the 
bronchial tree may be filled with a thick mucopurulent material; this may be 
creamy or it may be dry and caseous. On section it is composed of cellular debris, 
leukocytes, masses of bacteria, and strands of mucus. The inflammatory reac- 
tion is less severe in the tracheal mucosa than in that of the smaller bronchi. 
The bronchial epithelium is often intact but may be necrotic. Squamous meta- 
plasia is sometimes present; its occasional association with xerophthalmia is 
evidence that it is sometimes the result of vitamin A deficiency. In some cases 
there are multiple small bronchiogenic abscesses which may have ruptured to 
produce a pyothorax or pyopneumothorax. The usual organism cultured from 
the bronchi is staphylococcus aureus hemolyticus, but other organisms may be 
present. The picture is not unlike that seen in cases of suppurative bronchitis 
following laryngotracheobronchitis or measles. The mucous glands of the trachea 
and bronchi are distended with mucus in these various conditions and appear 
‘ similar to most observers. Farber*:* has compared the changes in the bronchial 
glands with those of the pancreatic acini. Some common functional abnormality 
seems probable but the bronchial mucus gives the normal reactions to various 
stains.”!5* 

In older patients the changes are basically similar but show a more chronic 
process. There is severe emphysema, and marked dilatation of the bronchioles 
and smaller bronchi, usually with symmetrical distribution in all lobes. Bron- 
chiectasis of the larger bronchi occurs occasionally. The walls of the secondary 
and smaller bronchi are thickened with edema and cellular infiltration of the 
mucosa, hypertrophy of the muscularis, and proliferation of fibrous tissue through- 
out the wall and in adjacent tissue. Segmental atelectasis of long standing 
develops into a characteristic picture of dilated, pus-filled bronchi bedded in 
atelectatic parenchyma which often shows organized pneumonia. Atelectasis of 
this type is most common in the right upper or middle lobes®* but may occur in 


any lobe. Spontaneous pneumothorax is an occasional complication.7? The 
tracheobronchial glands are large and show acute and chronic inflammation. 


Meconium Ileus.—Ten to 15 per cent of infants born with cystic fibrosis of 
1,37,116,214 


the pancreas have congenital intestinal obstruction due to meconium ileus. 
The obstruction is due to an excessive amount of abnormal meconium. In most 
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cases the site of the obstruction is the terminal ileum. The distal 10 to 25 cm. 
of ileum is moderately distended with meconium, which as a rule is gray with 
the consistency of dried putty so that it can be broken into lumpy fragments 
but is not readily malleable. Proximal to this lies a hypertrophied ileum which 
is greatly distended by a mass of extremely thick tenacious dark green or brown 
meconium. Still further proximally the dilatation of the ileum decreases gradually 
and the content also changes to relatively normal semifluid fecal material. Vari- 


ations in this picture occur, of which the most common is volvulus of the largest 
loop of ileum; this may perforate antenatally, producing meconium peritonitis,” 
or postnatally, producing suppurative peritonitis. In some instances volvulus 


has occurred earlier in fetal life, resulting in secondary atresia of the intestine at 
the base of the volvulus, and a round mass of involved loop lying between two 
blind ends of intestine. This mass may be mistaken for a mesenteric cyst. The 
obstruction may occur higher in the small intestine or at any level of the colon, 
with or without secondary atresia or perforation. More commonly the colon 
is small and underdeveloped though patent; some of the earlier cases were re- 
ported under the diagnosis of congenital microcolon. Adhesions may occur in 
the neighborhood of the obstruction which may then be attributed to them. The 
more distal mass of meconium may vary in color and consistency from case to 
case; at operation it can sometimes be milked through the ileocecal valve. The 
dilation and hypertrophy of the ileum proximal to the obstruction may vary in 
degree. Meconium ileus in its various forms probably accounts for the major 
portion of all cases of congenital intestinal obstruction. 

Histologically the more distal meconium appears as homogeneous eosino- 
philic material in which a few squames from amniotic fluid may be embedded. 
The intestinal glands in the obstructed area are distended with hyaline material 
which appears to be continuous with the material in the lumen or is sometimes 
extruded as conical casts. Higher in the small intestine a few glands may show 
similar casts. 

Meconium ileus may occasionally produce obstetrical complications because 
of the abdominal distension.'7° Some infants with meconium ileus are born 
prematurely, presumably for the same reason that many infants with esophageal 
or duodenal atresia are prematurely born. Hydramnios is sometimes observed. 

The abnormal character of the meconium is apparent to the surgeon and 
pathologist. It has been attributed to two factors: (1) lack of pancreatic diges- 
tion of the meconium,* and (2) abnormal products of secretion of the intestinal 
glands. The meconium has been shown to contain an excess of mucoprotein 
which has the property of forming a thick gel.” 

Liver.—¥Fatty liver of some degree is found in most cases; it is probably 
secondary and of nutritional origin. Extreme fat deposition is infrequently seen 
in the patients who have received adequate dietary therapy and pancreatin, and 
have continued to eat well during their last weeks, as many do. 

Small grey foci of capsular thickening beneath which lie clusters of small 
bile ducts distended with eosinophilic casts are commonly found at all ages.*7 
The casts resemble those in the pancreas and in the intestinal glands. 

Multilobular cirrhosis has been found in a small number of older chil- 
dren, 1:47)55,70,103,163,171,194,232  F'gsinophilic casts are found in some of the small 


Ss! nai CYSTIC FIBROSIS OF PANCREAS 

bile ducts within the fibrous areas. It is not yet clear as to whether the cirrhosis 
is due to the precipitation of an abnormal constituent in the bile or is perhaps 
the result of the combined effect of this with a nutritional factor. It is possible 
that a nutritional factor alone may account for some cases. However, the patho- 
logic picture of multilobular cirrhosis with eosinophilic casts in the bile ducts is 
distinctive. Icterus and ascites are infrequent. 

Gall Bladder and Bile Passages.—In about one-fourth of the cases the gall 
bladder is hypoplastic and contains amber gelatinous material.!*7:%.?85 The 
cystic duct contains similar material. In some cases the duct can be proved to 
be patent but a secondary atresia may occur.*” The material within the gall 
bladder appears deeply eosinophilic and amorphous in routine sections. The 
common and hepatic ducts are not involved. 

Other Gastrointestinal Lesions.—The parotid gland appears histologically 
normal. Buccal and submandibular glands sometimes show excessive mucous 
production,*’ and concretions may be found in their ducts. Bodian*’ states that 
the sublingual gland is always markedly involved, having an appearance similar 
to that of the pancreas. 

The mucous glands of the esophagus commonly appear hyperactive.*”? This 
has not been shown to be more than a physiologic change. 

The stomach is usually large and muscular for the age, probably as the result 
of polyphagia. Some observers have gained the impression that the mucus on 
the surface is excessive in amount.*? Chemical studies support this but have 
failed to indicate any abnormality in the gastric mucin.'® The gastric mucosa is 
histologically normal. 

Brunner’s glands are often but not always distended with mucus of normal 
staining quality. This distention sometimes results in the formation of cystlike 
dilatation of the ducts. It is not yet clear whether this is a physiologic response 
to acid gastric juice without neutralization by pancreatic juice or an expression 
of an abnormality of the secretion itself. The excessively viscous duodenal con- 
tent®*?!" is due in part to the lack of dilution by pancreatic juice; there are believed 
to be abnormal components in the duodenal juice which may play a part.” 

Peptic ulcer has been reported infrequently'®’*** but is a fairly common 
finding in our cases over 3 or 4 years of age. The usual site is the posterior or 
left wall of the duodenum a short distance below the pylorus. Lack of pancreatic 


juice to neutralize the gastric juice may be presumed to be a factor. Again the 


primary or secondary role of Brunner’s glands is unknown. 

The jejunum and ileum are usually mildly hypertrophied and show some 
round cell infiltrations which may be interpreted as secondary to the abnormal 
bowel content.' Occasional glands may contain concretions. 

The appendix sometimes contains pale caseous material; this may be found 
at any age. On section both the glands and the lumen contain hyaline eosino- 
philic material and give a picture resembling that in meconium ileus. This is 
usually a silent lesion but in one case of our series this has led to rupture with 
symptoms of appendicitis. 

The colon shows functional hypertrophy and sometimes mild round cell 
infiltrations. The glands show hyaline concretions infrequently. 
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Other organs appear to be affected only secondarily or not at all. It is re- 
markable that spread of the staphylococcus infection from the lungs to the rest 
of the body is unusual. Right ventricular hypertrophy and dilatation is a common 
sequel to the chronic respiratory infection.2** Scattered reports of interstitial 
myocarditis are found.*’:’> The spleen is mildly enlarged in many cases, probably 


because of infection, and shows marked enlargement and fibrosis in the cases of 
liver cirrhosis. Hematopoiesis is usually normal. Squamous metaplasia of the 
renal pelvic epithelium has been reported in cases of vitamin A deficiency and 
interstitial nephritis is recorded in some infants. A case with degenerative lesions 
of the striate muscle suggestive of that produced in animals fed tocopherol 
deficient diets has recently been described.!* The skin and its accessory struc- 
tures are histologically normal. The dilatation of the mucous glands of the cervix 


in the newborn is of doubtful significance?! 37 


CLINICAL EXPRESSIONS OF THE DISEASE 


General pattern of the clinical course: The clinical picture presented by the 
majority of patients in infaney and early childhood has been well described in 
many reports of small and large series of cases. Among the more comprehensive 
reports are those of Andersen,! Blackfan and Mav, Fanconi and Botsztejn,”7 
Wissler and Zollinger,??> May and Lowe,'®’ Lowe, May, and Reed,'® Bodian,?? 
May,'® and Shwachman, Leubner, and Catzel.*? Individual case reports still 
appear from parts of the world where the disease has been recognized but re- 
cently.?!* 

The physical findings and clinical course vary, and few general statements can 
be made which are applicable to all cases. The classification presented by 
Andersen! has been widely quoted, often with objections.'*?! The cases were 
divided into three groups: I. those with congenital intestinal obstruction; IT. 
those dying before the age of 6 months, with respiratory symptoms predominat- 
ing; II]. those with initial symptoms suggestive of celiac disease followed by 
respiratory infection and dying over the age of 6 months. This classification 
served its purpose of facilitating recognition of the disease but is admittedly 
oversimplified, since most of the cases show both respiratory and nutritional or 
digestive symptoms and the survivors from meconium ileus have a later course 
similar to that of patients without this complication. It also fails to include the 
small group of patients in whom heat prostration, liver cirrhosis, or other less 
common manifestations are the first indications of severe disease. 

Medical aid is sought for the majority of patients during the first vear of 
life because of chronic bronchitis or bronchopneumonia and a story of failure to 
thrive in spite of an excellent appetite is given. Digestive or nutritional symp- 
toms antedate the respiratory infection in the majority of cases.!%§ The infant 
appears normal at birth, although the birth weight is, on the average, somewhat 
low.** Prematurity occurs only with normal frequency!® with the possible ex- 
ception of some infants with meconium ileus. The usual first evidence that all 
is not well is poor gain in the neonatal period, so that the birth weight is not 
regained for 3 to 8 weeks.® 16°35 The failure to gain is most apparent in those 
infants who receive a calculated formula, while some of those who are given either 
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breast milk or formula to satisfy hunger gain normally. A small proportion of 
cases develop severe diarrhea which may respond to a low-fat diet with vitamin 
supplements. The majority have 3 to 5 formed stools a day. These may appear 
normal at first, though the large size and distinctive odor is commonly appreciated 
by the experienced observer.!' On the introduction of solid foods the abnormal- 
ities become apparent. Fanconi and Botsztejn7’7 and Wissler and Zollinger?*® 
demonstrated better absorption of fat on breast milk feeding than on a cow’s 
milk formula and believe this to be the explanation of the delay in recognition of 
abnormality of the feces. However, Lowe, May, and Reed!** found no difference 
in the weight gain of breast-fed infants as compared with formula-fed infants 
with the disease. 

The respiratory infection is a characteristic and almost constant feature of 
the disease. In most cases the cough begins in the second to fourth month, often 
initiated by a coryza. The cough may be present from birth and is apparent 
before the age of 6 months in most cases.?:75:5638 Tt may first be merely an oc- 
casional dry hack or may occur in paroxysms resembling those in pertussis and 
be accompanied by cyanosis or vomiting. Eleven of the fifty cases reported 
by Bigler?® received an initial diagnosis of pertussis. Difficulty in relieving the 
tracheobronchial tree of its contents is obvious; respirations are audible, and the 
Obstruc- 


obstruction is sometimes so persistent as to produce laryngeal stridor. 
tive emphysema and tachypnea soon appear and may be the first recognized 


symptoms.!*° 

The infection may progress to a bronchopneumonia in the course of a few 
days or weeks or may remain static until a subsequent coryza leads to more 
severe bronchitis. Prior to the era of antibiotics the infection often developed 
rapidly into fatal suppurative bronchitis with staphylococcus aureus as the 
offending organism. Approximately 75 per cent of cases reported prior to 1938 
were fatal before the age of 1 year.! Since the advent of penicillin and the broad- 
spectrum antibiotics the majority of infants have survived the initial infections. 
The peak in the frequency curve of age at death had been advanced from the 
first year to the fourth year.®?") During early childhood the less fortunate of 
these patients present a distressing picture of obstructive emphysema, respiratory 
distress, cyanosis, and paroxysmal cough. Suppurative bronchitis is still the 
major cause of death because the emergence of resistant organism often renders 
antibiotic therapy ineffective. Death may result either from asphyxia because 
the trachea becomes filled with mucopurulent material or from right heart failure. 

Most patients are small for their age. This has been attributed to the 
pancreatic deficiency, and growth is improved by an appropriate dietary regime 
6.9,184 and the use of pancreatin.”!®° Growth is often adequate on a liberal intake 
of a well-balanced normal diet. Nutrition and growth also improve after effec- 
tive antibiotic therapy. ®:!%*.?°3.*4 The recent demonstration of a mean low birth 
weight*®? implies a metabolic factor which influences fetal growth; whether this 
factor also affects postnatal growth is unknown. In spite of these adverse in- 
fluences some patients show a normal growth curve. 

The pancreatic deficiency rarely results in watery diarrhea after the first 
half year. Stools are massive and foul, but after infancy they are not excessive 
in number and may have been considered normal. 
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Those children who reach school age without major damage to bronchi and 
lungs tend to improve in general health and in resistance to infection during 
later childhood and adolescence.!“ Their status reflects the amount of irreversi- 
ble pulmonary damage, with limitation of activity when this is severe. With 
increasing numbers of patients who have survived to later childhood or adoles- 
cence, certain complications of the disease have become more prominent. Among 
these are multilobular cirrhosis of the liver, peptic ulcer, hematemesis, and 


spontaneous mediastinal emphysema and pneumothorax. In most cases the 


growth curves lack the adolescent growth spurt, but increase in stature continues 
so that the mature height is as a rule within normal limits. Puberty is somewhat 
late but otherwise normal.’ Most of our patients who have reached adolescence 
without major pulmonary insufficiency are occupied with school or work in normal 
manner and have continued to do well. The oldest of those who have been ob- 
served since infancy are now entering the third decade. Their future and the 
future of their children remains to be observed. 

The respiratory infection. The essential features of the respiratory infection 
are summarized as follows: 

1. Diffuse bronchiolitis, with lesser involvement ef the main bronchi and 
trachea. 

2. The evident difficulty with which the bronchial tree is relieved of its 
contents, which has been attributed to abnormally viscid mucus. 

3. The early appearance and progressive development of obstructive em- 
physema. 

4. Segmental atelectasis in about 10 per cent of cases. 

5. The bronchial flora is composed of common organisms usually considered 
of low virulence: Staphylococcus aureus, Pseudomonas aeruginosa, and Proteus 
vulgaris. 

6. Step-wise progression of the disease, each step initiated by a fresh inter- 
current respiratory infection. 

7. Wide variation in the rate of progression from case to case, with the 
total course ranging from weeks to decades. 

The roentgen changes have been well described by Attwood and Sargent,!” 
Neuhauser,!7® and others.**:°1%" They consist of emphysema, narrowing of 
the cardiac shadow, depression of the diaphragm, and increased bronchovascular 
markings with occasional small or large areas of atelectasis. Terminally there 
may be diffuse “snowflake” shadows suggestive of tuberculosis. 

Segmental or lobar atelectasis was reported in 22 of 211 cases reviewed by 
di Sant’ Agnese,** 10 of which were under 1 year of age, and in 5 of 97 cases in 
the series of Shwachman, Leubner, and Catzel.? The right middle and upper 
lobes are those commonly affected. The association of chronic cough, emphy- 
sema, and segmental atelectasis in infancy is strong presumptive evidence for 
the diagnosis of cystic fibrosis of the pancreas. The prognosis of patients with 
segmental atelectasis is less good than for those without this complication,™ 
perhaps because the affected portion of lung acts as a focus of infection. Surgical 
excision of the involved lobes has been performed in a small number of patients.*® 
Time has not yet permitted evaluation of the ultimate benefit. The criteria 
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used for lobectomy are persistence of the atelectasis for at least 6 months and a 
minimum of active infection in the opposite lung. The entire lobe or lobes should 
be removed, since partial excision of a lobe in the presence of obstructive emphy- 
sema may result in pneumothorax. 

Bronchograms following the instillation of lipiodol are of doubtful value in 
diagnosis, since bronchiectasis of the larger bronchi is unusual. Mild fusiform 
dilatation of the larger bronchi may occur in long-standing severe disease.'°® 
Occasionally the saccular dilatation of the terminal bronchioles may be well 
demonstrated. 

Bronchoscopic examination shows a hyperemic granular mucosa with thick- 
ened bronchial spurs and with expiratory protrusion of the posterior bronchial 
wall.!6 The picture resembles that found in asthma. Atkins'® reports severe 
cyanosis requiring oxygen during the procedure and only brief benefit from bron- 
chial aspiration. 

Exacerbations of the respiratory symptoms follow acute respiratory infec- 
tions, including the common cold. An increase in symptoms follows some but 
not all types of virus infection. Rubeola is an especial hazard and ‘‘measles 
pneumonia’ is often lethal. Certain epidemics of influenza take a high toll. 
In contrast, epidemic parotitis and variacella are tolerated in normal manner. 
The role of virus infection has received little attention. Resistance to infection 
elsewhere than the respiratory tract appears to be normal, and metastatic staphy- 
lococcal infection ts rare. 

In the later stages of the disease emphysema becomes extreme, the chest is 
barrel-shaped, and there are intercostal and suprasternal retractions, cyanosis, 
tachypnea, and clubbing of the fingers and toes. Vital capacity is reduced, the 
residual volume is increased,**:**:% and respiratory acidosis appears.”* An 
occasional complication during the later stages of the more chronic cases is spon- 
taneous pneumothorax, with or without mediastinal and subcutaneous emphy- 
sema?!?*#; at least six instances have occurred in our series of about 400 cases. 
This may be lethal or the air may be resorbed over a period of several weeks. 

Cor pulmonale is a common late result of the chronic pulmonary 
disease. *:167:175.204,.225 Tt was not observed until antibiotics were available and the 
lives of patients with severe pulmonary disease were prolonged for months or 
years. The picture is comparable to that in adults with chronic obstructive 
emphysema. 

Chronic sinusitis is an almost constant finding in older children and adoles- 
cents whatever the severity of their respiratory infection.'*’ The part contributed 
by it to the chronic cough and to the disease picture has been inadequately 


studied. 
CLINICAL RESULTS OF THE PANCREATIC DEFICIENCY 


I. Malnutrition and retardation of growth are seen in the majority of cases 


and are probably the composite result of several factors. The low mean birth 


weight*® suggests the presence of a metabolic factor which may function after 
birth as well as before. Balance studies have shown fecal loss of about half of 
the ingested protein and fat and less wastage of carbohydrate. The poor gain 
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in the neonatal period may be attributed to poor utilization of food, since it 
occurs prior to the first respiratory infection in most cases and can be averted by 


allowing food to the point of satiety and by a modified diet.?:°:'® In older children 
on a normal diet nutrition may be normal, and growth may proceed at a normal 
rate in the absence of severe infection. Chronic pulmonary disease contributes 
to the retardation in growth. The cor pulmonale often seen in the terminal 
course is usually associated with cessation of growth. Hunger and polyphagia 
are usually obvious, except when pulmonary infection is severe, and compensate 
in large part for the inefficient digestion of food. 

II. Deficiency of the fat-soluble vitamins may result from the steatorrhea. 
Low blood levels of vitamin A are usual unless large daily doses are given. Overt 
symptoms of vitamin A deficiency may occur in infancy but are unusual in older 
children. Most of the reported cases of xerophthalmia or squamous metaplasia 
of the bronchial epithelium antedate the routine use of vitamin supplements in 
the feeding of normal infants!:*4:!2.237 but occasional cases still appear.*7°5 With 
one exception’ the xerophthalmia has appeared between the ages of 1 and 6 
months, and death has followed in a few weeks or months. 

Excessive bleeding which can be controlled by the administration of vitamin 
K is occasionally seen.78?!* Prolonged prothrombin time is not uncommon,*? 
and vitamin K should be given parenterally before any surgical procedure. 

Osteoporosis is a common radiologic finding but rickets has been reported in 
only a few cases.%*5 It is not clear whether the osteoporosis is due entirely or 
in part to lack of vitamin D. The absence of rickets has been attributed to the 
slow rate of growth. Tetany is rare but can occur. 

It has been suggested that the muscle weakness experienced by some patients 
is the result of tocopherol deficiency .!77:175 

I1I. Clinical manifestations of deficiency of water-soluble vitamins has been 
seen only in the group of young infants with watery diarrhea. Scurvy occurs 
but rarely. Cessation of the diarrhea has followed administration of vitamin B 
complex on a number of occasions, but a causal relationship has not been estab- 
lished. 

IV. Hypoproteinemia and edema are occasionally seen in infancy*®? but are 
unusual after the first year.90:78-9101,123,132,168 They occur chiefly in patients who 
have had diarrhea or who have been limited in food intake to a calculated formula. 
Mild hypoproteinemia is not uncommon in the first year of life, but thereafter 
the serum albumin is usually normal and the globulin is normal or high. 

\. A diffuse exanthema, acrodermatitis enteropathica, has been reported 
in the European but not in the American literature.”° Until more knowledge is 
available this may be tentatively considered the result of dietary deficiency. 

VI. Fecal incontinence occurs in many children following the ingestion of 
a fatty meal. Most patients tolerate a normal fat intake well, but many expe- 
rience epigastric distress and mild diarrhea after an excessive intake of fat, and 
usually avoid fried food voluntarily. 

VII. Rectal prolapse may be a distressing symptom at any age.!:37-46,161,174 
Bodian* records it in 21 of 116 cases. It may be attributed to diarrhea or massive 
stools in a wasted child. In some cases repeated rectal prolapse is the presenting 


symptom. 
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VIII. Peptic ulcer has already been mentioned as a relatively frequent post- 
mortem finding in older children. Clinical symptoms probably due to ulcer are 
not uncommon in older children. They consist of epigastric pain which is re- 
lieved by eating or by the ingestion of alkalis. Frequent feeding is theoretically 
preferable to alkali therapy, since gastric juice is important in digestion in these 
children. Reports of radiologic evidence of peptic ulcer have not been found. 
IX. Allergic response to pancreatin in the form of rhinitis or asthma may 
occur in the mother or nurse as an inconvenient indirect complication of the use 
of pancreatin in powder form. It has not been observed in the patients them- 


selves.!74 


HEAT PROSTRATION AND EXCESSIVE SALT LOSS IN THE SWEAT 


The susceptibility of patients with cystic fibrosis to heat prostration was 
first observed during a hot spell in New York, in 1948, when 5 of 10 patients 
hospitalized with this diagnosis proved to have cystic fibrosis of the pancreas."!! 
New instances have recurred in subsequent summers and have been reported 
elsewhere. An excessive concentration of sodium and chloride in the sweat of 
patients with cystic fibrosis has been demonstrated, although the rate of secretion 
is within the normal range.?!:°:71,72,88,104,187,212 Electrolyte balance studies have 
shown that the renal retention of sodium and chloride while these patients are 
on a low-salt intake is within the normal range.®° It seems probable that the 
heat prostration may be justly attributed to dysfunction of the sweat glands 
themselves. Serum sodium and chloride levels may become quite low when the 
weather is hot or the salt intake low. Instances of electrolyte loss during hyper- 


pyrexia from infection have also been recorded.'** The concentrations of urea and 


potassium in the serum and sweat are unaffected.'" Knowledge of the excessive 
loss of electrolytes in the sweat has practical application in the prevention of 
prostration during hot weather, hyperpyrexia, or periods of prolonged thirst 
such as may occur during duodenal drainage or surgical procedures. The sweat 
test has become a valuable diagnostic aid and a tool for the study of the genetics 
and basic physiology of the disease. 


MECONIUM ILEUS 


Meconium ileus occurs in 10 to 15 per cent of patients with cystic fibrosis 
of the pancreas and is one of the more common causes of congenital intestinal 
obstruction. The subject of meconium ileus has been well reviewed in the past 
year by Shwachman, Pryles, and Gross.*!* The anatomic variations have been 
described above. The diagnosis is usually made at operation. However, in 
cases where a sibling is known to have the disease and the observer is thereby 
alerted, the diagnosis may be made within a few hours of birth on the basis of 
a palpable mass in the upper abdomen and roentgen changes indicative of lower 
small intestinal obstruction. In some cases bubbles of air density can be seen 
in the intestinal content.'7® The colon is small and may admit the examining 


finger with difficulty, leading to an erroneous diagnosis of rectal atresia or stenosis. 
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The first report of the survival of patients for more than a few weeks after 
surgical relief of the obstruction was by Hiatt and Wilson.''® The procedure 
used was ileotomy, removal of the meconium, and primary closure of the abdomen. 
Shwachman, Pryles, and Gross? report survival of 15 of 61 operated patients, 
using a Mikulicz resection and a double ileostomy which is closed in 2 to 3 weeks. 
Skillful postoperative care of the nutrition and electrolyte balance of these infants 
is essential for long-term survival. Surgery is less likely to be successful when 
a long segment of intestine is involved, when volvulus of the distended loop has 
led to gangrene, or when antenatal perforation has led to meconium peritonitis. 
Long-term survival is dependent on close collaboration between surgeon and 


pediatrician. The infants with meconium ileus also have pancreatic deficiency 


and are susceptible to respiratory infection of the same type as other patients 
with cystic fibrosis of the pancreas and to the same degree, and they also have 
excess electrolyte loss in the sweat. 

Occasionally an infant with abdominal distention and failure to pass mecon- 
ium will relieve himself of the obstruction spontaneously or following colonic 
irrigation with a solution containing pancreatin.’7:> Shwachman, Pryles, and 
Gross! report five such cases in addition to their 61 operated cases; this incidence 
is in accord with our experience. 

Late fecal obstruction—A few cases of “‘late meconium ileus’? have been 
reported, in which a child with cystic fibrosis of the pancreas develops intestinal 
obstruction because of impacted feces.*?:59:159.!79,197,201 The site of obstruction 
has been the terminal ileum,'7? caecum,” or colon. Two instances in older children 
of our series have followed change from an uncontrolled to a low-fat diet, while 
obstruction followed withdrawal of pancreatin in one case.** In some cases the 
obstruction has responded to enemas, but surgical relief has sometimes been 
required. It seems probable that abnormal succus entericus and excessive bulk 
of the feces both contribute to the development of this picture. Abdominal masses 
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from fecal impaction have also been reported. 


MULTILOBULAR CIRRHOSIS OF THE LIVER 


More than a score of cases of cirrhosis of the liver in patients with cystic 
fibrosis of the pancreas have been reported. !:47:55:70:108,163,171,194,232 Nfost of them 
are in children between the ages of 4 and 14 years. In the majority no symptoms 
referable to liver disease were recognized during life; in a few children the symp- 
toms of liver disease predominated and were the basis of the initial complaint.7° 
The presenting symptoms are those of anemia and splenomegaly, followed by 
bleeding from esophageal varices. Icterus and ascites are absent or minimal. 
Liver functon tests give normal results for the most part, though mild elevation 
of the serum bilirubin and a positive cephalin flocculation test may occur. Since 
most cases are in older children and the number of patients with cystic fibrosis 
of the pancreas surviving to the second decade is increasing, it seems probable 
that this complication will assume greater prominence in the future. Surgical 
intervention in the form of splenectomy for the relief of anemia or of splenorenal 
or portocaval shunts for the amelioration of bleeding from esophageal varices has 


so far provided only transitory benefit. 
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PARTIAL PANCREATIC DEFICIENCY AND LATE CASES 


The pattern of progression of the dysfunction and of the anatomic changes 
of various glands and organs differs from case to case and also from organ to 
organ in the same case. For example, meconium ileus may produce intestinal 
obstruction before the eighth fetal month, leading to premature birth; it may be 
discovered shortly after term birth; it may require surgical intervention or be 
of mild degree and be relieved spontaneously. In rare cases, a comparable pic- 
ture of intestinal obstruction may occur sometime in the first few years of life. 
So far as is now recorded, the infant with meconium ileus has pancreatic defi- 
ciency at birth, but he may not develop respiratory symptoms for months or 
years. In the patients without meconium ileus, pulmonary or hepatic changes 
may develop at any time during the first two decades, and by inference, perhaps 
at a later age. There is evidence that the pancreatic dysfunction may also have 
a postnatal onset, although there is probably some anatomic abnormality at 
birth. Of the 605 sections of pancreas from unselected pediatric cases studied 
by Andersen,! 20 were estimated to show involvement of 90 per cent of the gland; 
these cases all showed characteristic clinical features of cystic fibrosis. In an 
additional 21 cases, from 20 to 90 per cent of the acini contained inspissated 
secretion, and of these only 3 cases had the clinical picture and pulmonary lesion 
found in cystic fibrosis. In 1950, Gibbs, Bostick, and Smith®® reported a case 
in which the trypsin assay in the duodenal juice was within the lower range of 
normal at the age of 814 months but was reduced to levels diagnostic of the disease 
at 14 months. Other instances of loss of trypsin while under observation have 
been reported. ®:1%.207,209,212,220 Reports of the association of the respiratory 
component of the disease with high sweat electrolytes but with normal or only 
moderately depressed trypsin levels are more frequent.®* So far all of these 
cases coming to post-mortem examination have shown the characteristic lesion 
in all or part of the pancreas.?°??!7.2% 

The cases with partial or normal pancreatic function have ranged in age 
from a few months to the second decade. It is reasonable to believe that some 
patients survive to adult life. It is possible that some of the cases first diagnosed 
in the second decade®:!5:!4?.153,19 Or Jater?>4-4.143,238 at one time had partial 
deficiency and hence survived longer. Most of these individuals had bronchitis, 
and emphysema, gave an early history compatible with the disease, and showed 
lipomatosis of the pancreas at post-mortem examination. The fact that the 
final picture of lipomatosis of the pancreas closely resembles lipomatosis from 
other causes suggests caution in interpretation of post-mortem findings. The 
case of Hellerstein,'“ in a 35-year-old Negro, for example, is suspect. Several 
parents of children with the disease®’?” have been found with appropriate pul- 
monary lesions and high sweat electrolytes. The morphology of the pancreas in 
these cases is unknown, but the presence of a basic metabolic defect in these 
individuals seems highly probable. It is to be expected that additional adult 
cases will be recognized among patients with emphysema or hepatic cirrhosis 
by means of newer diagnostic methods, especially the sweat test. 

The frequency of “‘partial’’ cases of pancreatic deficiency has been estimated 
as 10 to 15 per cent of the whole.?°? The number surviving to adult life without 
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benefit of diagnosis is unknown. The true frequency will be better evaluated 
when our colleagues in adult medicine become alerted to better recognition of 
the disorder. 

A few children have been found who show selective deficiency of one or 
more pancreatic enzymes.'*4?!2. One such case in our series who appeared to lack 
trypsin but be amply provided with amylase and lipase was shown in fact to 
lack enterokinase. At present these patients do not appear to have the other 
features of cystic fibrosis; further observations are required. 

LABORATORY STUDIES 

1. Routine laboratory studies of blood and urine usually give normal findings.— 

Hypochromic anemia may occur following prolonged infection or after a period 


of watery diarrhea. Normochromic macrocytic anemia which responds to 
folic acid is occasionally encountered in malnourished infants. Polycythemia 


may occur in association with severe chronic pulmonary disease. The leukocytic 


response to acute infection appears normal. The erythrocyte sedimentation rate 
is elevated in chronic infection. Observation of variations in its level is a con- 
venient means of evaluating the success of antibiotic therapy. The urine is 
usually normal. Pyuria may occur in marasmic infants, especially in those with 
severe vitamin A deficiency. Transient glycosuria is not uncommon following 
institution of a high-calorie and high-carbohydrate diet in malnourished infants." 
The infrequent occurrence of diabetes mellitus in older children has been men- 

tioned. 
2. Duodenal juice.—Assay of pancreatic enzymes in the duodenal juice 
218,27 With recognition of the fre- 
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was performed in a few of the early cases.?7"" 
quency of the disease, it became a widely used diagnostic procedure.*:!°:56 

The technique of duodenal intubation in infants and children has been 
described by several authors.'* Although amylase, trypsin, and lipase 
are all lacking or minimal, the determination of trypsin was found to be the most 
reliable as a means of diagnosis. Amylase is present in low concentration until 
the middle of the first year,? and determination of lipase gives variable results for 
technical reasons. Although various methods of determining trypsin have been 
used, the change in viscosity of a buffered gelatin substrate has proved the most 
sensitive and reliable for investigative purposes. This method is too elaborate 
for routine diagnostic use. The method which has been most widely used clini- 
cally is a modification of the Fermi method reported by Andersen and Early,'° 
based on the liquefaction of gelatin by various dilutions of duodenal juice. 
Shwachman!*??!" has been the chief advocate of including determination of 
chymotrypsin and carboxypeptidase in the battery of tests. These enzymes are 
low or absent in cystic fibrosis; their determination is of practical value in the 
discovery of the infrequent cases of selective enzyme deficiency. The viscosity 
of the duodenal juice is abnormally high,** and its determination has been used 
as a diagnostic method.*!” The occasional presence of swallowed nasal or bronchia! 
mucus may introduce error into this determination. The high viscosity of duo- 
denal juice has been interpreted as evidence for abnormality in the duodenal 
mucus but may also be viewed as lack of dilution of the mucus by pancreatic 
juice. The lysozyme level of the duodenal juice is low.1°” 
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An abnormal mucoprotein has recently been reported as occurring in the 
duodenal juice in the majority of cases.**:7* After precipitation of the mucopro- 
teins with an ethanol-benzine mixture, a water-insoluble precipitate is found which 
is not present in normal individuals. No abnormal structure in the carbohydrate 
portion of this substance has been demonstrated. 

3. Balance studies and fecal fat—Balance studies*:$:15?:202,205,206,238 have 
shown that on a normal diet from 30 to 60 per cent of the dietary fat and nitrogen 
and 8 to 15 per cent of the fed carbohydrate can be recovered from the feces. 
There is considerable variation from case to case, probably due in part to varia- 
tions in the efficiency of the remaining organs of digestion. Chung and others®! 
found that an increase in dietary fat results in an increase in the absolute amount 
of fat absorbed. The fecal fat may be largely neutral fat but much is commonly 
present in the form of fatty acids and soaps. Splitting of the fat by bacterial 
action at room temperature has been demonstrated, but whether this is the 
complete explanation for the presence of split fat is unknown. The explanation 
for the absorption of about half of the fed fat is not clear. The better absorption 
may be interpreted as due to 
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of the more finely emulsified fat in breast milk 
better absorption of particulate neutral fat,®! the greater surface available for 
the action of lipase or the larger amount of lipase in breast milk.2% Ross and 
Sammons?’ have postulated the presence of intestinal lipase. Homogenization 
of milk was found by Lowe and May! not to improve absorption. On the other 
hand, moderate decrease in fecal fat was observed on a homogenized milk diet 
in several of the authors’ cases. 

Excess fat is found in the feces when normal diets containing 40 to 50 per 
cent of calories as fat are given. The assay of fat in single specimens of feces 
while the patient is on a normal diet has been used in diagnosis.!!* Unless by 
chance neutral fat is in excess, this method does not distinguish between pan- 
creatic deficiency and other causes of steatorrhea. Microscopic examination 
of feces stained with scarlet red is a simple and useful screening test and correlates 
well with the results of chemical assay.!. These methods have no value when the 
dietary fat is restricted. 

4. Fecal Trypsin.—A simple test for trypsin in the feces based on its capacity 
to digest the emulsion on x-ray film was introduced by Shwachman, Patterson, 
and Laguna in 1949.73 In most patients under the age of 2 years with cystic 
fibrosis this test gave negative results, while the feces of the majority of control 
infants was shown to digest gelatin film. Results in older children were variable. 
This test would have been of great practical value if its introduction had not 
occurred at about the period when use of antibiotics became general. It has been 
shown to be unreliable in part because of the production of gelatinase by bacteria 
whose growth is favored by oral administration of antibiotics.?7 °°! The 
use of inhibitors of trypsin and of bacterial gelatinase increases the reliability 
of the test but removes the virtue of simplicity. The test as originally described 


has been widely used without general appreciation of its defects. It remains 


valuable as a screening test in the neonatal period and in patients who have not 


received antibiotics. 
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5. Blood levels and absorption tests of lipids and fat-soluble substances. 
Fasting blood levels of total lipids are within the normal range or somewhat low.'** 
The iodine number of the fatty acids present in plasma is abnormally low and is 
unaffected by the feeding of corn oil, which is a highly unsaturated fat. The 
total serum cholesterol is abnormally low and bears a relationship to the state 
of nutrition, rising above the lower limits of the normal range in well-nourished 
patients. “81/8 

Fat absorption following the ingestion of a test meal is defective, with little 
or no rise in total blood lipids!’ or esterified fatty acids. The rise is not improved 
by emulsification of the fat." The chylomicrographic method of assaying changes 
in blood lipids’® following a test meal of fat has been used as a relatively simple 
diagnostic test. The curve is low or flat.7 186? 

The fasting serum vitamin A is low; it may be too low for measurement or 
may rise to the lower range of normal. The serum carotene is also consistently 
low. The absorption curve of serum vitamin A following a test dose of per- 
comorph oil or other source of vitamin A ester is flat or low*?:'®'!” and _ parallels 
Vitamin A in alcohol form is better absorbed but the curve 
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the chylomicrograph. 
does not rise to the levels reached in normal subjects. 
This test has been extensively used as a means of differential diagnosis 


between cystic fibrosis and celiac disease, since patients with severe celiac disease 
absorb all forms of vitamin A poorly. A modification of the absorption test using 
only one postprandial specimen has been suggested.' The absorption of vitamin 


A is improved by feeding pancreatin®:*°:°*°7 and also by increased intestinal 
motility. Continuous daily oral administration of either oily or aqueous prepa- 
rations in large doses raises the fasting blood level to within the normal range.'* 
Intramuscular administration of oily preparations fails to raise the serum vitamin 
\ level in normal children.*1 

Tocopherol deficiency has recently been demonstrated in patients with cystic 
fibrosis of the pancreas. Plasma tocopherol levels are low, erythrocyte hemol+sis 
in hydrogen peroxide is high, and the urinary excretion of creatine is elevated.!77)!7° 
Normal values are obtained after intravenous or oral administration of toco- 
pherol. Ceroid pigment has been reported in smooth muscle at post-mortem 
examination of older cases of cystic fibrosis.*° It has been suggested that the 
weak muscles and fatigability of some patients may be due to tocopherol defi- 
ciency, but objective proof of this is lacking as yet. 

6. Serum protein and serum aminoacids.—Although hypoproteinemia may 
sometimes be observed ,*°:75:%:1%.°85 little difficulty is encountered in maintaining 
normal serum protein levels by dietary means. The serum globulin is high in 
patients with chronic infections and may exceed the level of albumin. 

The plasma level of aminoacids fails to rise following the ingestion of casein 
but rises normally following the feeding of casein hydrolysate.*°* In comparable 
experiments, curves of plasma glycine and total blood aminoacids are flat or low 
following a gelatin meal. The I! level of the blood fails to rise after feeding 
[*!-labeled casein,*®: 4° and plasma proline remains low after casein feeding.'"* 
The absorption of the products of protein digestion is therefore normal, although 


the digestion of protein is impaired. 
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7. Glucose tolerance curves are variable.—They are often normal but may show 
a high rise,77"!!!:!86 or, in extreme marasmus, may be flat. 

8. Enzymes in the blood.—Serum amylase may be moderately elevated 
during the first year,’ probably because acinar cells are then undergoing necrosis; 
later it is usually too low to be assayed. The variable antithrombin level!4!%.17 
may be interpreted as the result of absorption of variable amounts of trypsin 
for similar reasons. The nonspecific cholinesterase of the serum is low,** probably 
because of undernutrition.!” 

9. Electrolyte secretion —The clinical implications of the high sodium and 
The determination of 
sweat electrolytes has become a valuable diagnostic aid. A constant tempera- 
°° but this has been found unneces- 


chloride concentrations in sweat have been discussed. 


ture room was used in the first observations, 
sary. A cellophane bag is used by Shwachman?"” and a plastic sheet by Barbero,”! 
heat being provided by blankets or cradle lights; these simpler methods have 
proved adequate for diagnostic purposes. Shwachman and Gahm?" have recently 
suggested the use of a handprint on a silver nitrate impregnated plate as an office 
procedure; the simplicity of this method recommends it but the reliability has 
not yet been adequately tested. The overlap in the frequency curves of chemical 
determinations of sweat sodium and chloride in normal and control patients is 
minimal; it is fairly safe to conclude that a patient with normal sweat electrolytes 
does not have cystic fibrosis. This is true at all ages, including the neonatal 
period.*’ There are, however, individuals with high sweat electrolytes but with- 
out evidence of pancreatic deficiency; most of those reported have been siblings 
The diagnosis of cystic fibrosis 
The 
volume of the sweat,® and the concentration of potassium, urea, and lactic acid 
in the sweat!” have been found normal in patients with the disease. 

The physiologic basis for the excessive sweat sodium and chloride has re- 
10 Sweat is normally secreted 


or parents of patients with cystic fibrosis.” 
should therefore not be made on the basis of the sweat electrolytes alone. 


cently been investigated by Gochberg and Cooke. 
by the acinar cells and modified during passage through the ducts. 
fibrosis the dysfunction is unlikely to consist of increased absorption of water 


In cystic 


by the ducts because the concentrations of urea and potassium in the sweat 
Decreased absorption of sodium and chloride by the ducts is 


remain normal. 
The most probable hypothesis is considered 


also improbable, though possible. 
by these workers to be an increased concentration of sodium chloride in the 
precursor solution secreted by the glands. They postulate that this might be 
due to a defect in the enzyme system within the acinar cells which is concerned 
with conservation of sodium chloride. 

Mixed saliva and parotid saliva often contain an excess of sodium and 
chloride.2*:!°° However, the concentration varies with the rate of secretion!*® 
and there is some question as to whether saliva electrolyte concentration is a 


reliable basis for diagnosis.'*” 


DIAGNOSIS 


The fully expressed typical clinical picture in an infant or child consists of 
severe chronic bronchitis and emphysema, malnutrition, retarded growth, poly- 
phagia, and steatorrhea and is readily recognized by a physician familiar with 
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the disease. In its initial phases and less common expressions the disease is often 
undiagnosed. The differential diagnosis varies somewhat with the age. In early 
infancy, the poor gain in weight may be wrongly attributed to an inadequate 
supply of breast milk or an inappropriate formula. The cough may simulate 
pertussis and the difficult breathing has been considered laryngeal stridor. 
Keratomalacia or segmental atelectasis in infancy should stimulate search for 
an underlying cause. In older infants the most usual erroneous diagnosis is 
celiac disease.) Asthma in infancy may present a somewhat comparable picture; 
allergic asthma has occurred in four of our cases of cystic fibrosis. Several patients 
with familial dysautonomia have been first thought to have cystic fibrosis because 
of chronic bronchitis and malnutrition; the fact that these children cry without 
tears’’’ is of value in diagnosis. Heat prostration in infancy or childhood should 
suggest the disease."! Repeated rectal prolapse has been the initial complaint 
in some children.*” 

In older children the chronic cough has been attributed to chronic sinusitis 
without search for the underlying disease. The diagnosis of chronic pulmonary 
tuberculosis with a negative tuberculin test should arouse suspicion, as should 
clubbed fingers in patients without cardiac disease. A few older children have 
presented as cases of anemia, splenomegaly, and cirrhosis of the liver.7° In 
young infants who are siblings of children with cystic fibrosis or who show slow 
initial gain in weight, the presence of steatorrhea and the absence of fecal trypsin 


provides sufficient indication for further investigations. Since cystic fibrosis is 
a relatively common childhood disease, the diagnosis should be considered often 


in differential diagnosis. Confirmation of the diagnosis depends on assembling 
data from all sources and should include several laboratory tests.'*® 

The most reliable laboratory means of diagnosis is still the assay of trypsin 
in duodenal juice obtained under fluoroscopic control. This procedure is time- 
consuming and unpleasant for all concerned and should not be untertaken until 
one or more screening tests have been applied. The most useful of these is the 
determination of sodium or chloride concentration in the sweat. 

Microscopic or chemical examination of feces for fat*®"? and, in young 
infants, the gelatin film test for fecal trypsin?’ are simple and useful preliminary 
tests. In patients only moderately ill the differentiation between the steatorrhea 
of celiac disease and that of cystic fibrosis can be made an office procedure with 
the aid of the microscopic test for fecal fat on normal fat intake. After a month’s 
trial of a therapeutic celiac diet most patients of both groups show clinical im- 
provement; however, on return to normal diet the children with celiac disease 
show rapid clinical deterioration but slow return of the steatorrhea, while those 
with cystic fibrosis tolerate the normal diet well but have immediate return of 
the steatorrhea. 

The selection of other tests will depend on available laboratory resources. 
Those reflecting protein digestion are more informative than the ones indicative 
of steatorrhea. In infancy and childhood there are few causes other than cystic 
fibrosis for elevated fecal nitrogen, flat plasma amino acid curves following protein 
ingestion, or deficient trypsin in the duodenal juice. Steatorrhea from other 
causes may produce abnormalities in the fasting levels of blood lipids or in the 
various absorption tests following ingestion of fatty substances. 
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A qualitative test for urinary iodide following ingestion of lipiodol has been 
suggested as a means of diagnosis.?!* Although most control subjects show 
greater urinary excretion of iodide than patients with cystic fibrosis, the results 


are not entirely reliable. Delory and others® have reported good results by a 
more quantitative method, which, however, reduces the simplicity. 


THERAPY 


The pancreatic deficiency is irreversible and the susceptibility to respiratory 
infection and to heat prostration is also permanent. Muchcan be done both in 
the prophylaxis and the treatment of the sequelae of these basic abnormalities. 

The respiratory infection dominates the picture in most cases and is the usual 
cause of death. Once well established the pulmonary lesions tend to persist and 
increase. Prophylactic measures may delay the onset and the development of 
bronchitis. Early diagnosis followed by dietary therapy often postpones the 
advent of pulmonary disease.’ Although most observers, including the author, 
no longer regard the bronchitis as the direct result of deficiency of vitamin A? 
or other nutritional factors, good nutrition prior to severe infection greatly 
increases resistance in these children.*:*!** This is apparent in the present good 
condition of several adolescents of our series who were diagnosed some years 
prior to the introduction of penicillin, in 1944, and in the good growth and resist- 
ance to infection of most of the children who were diagnosed in the neonatal 


period because of an affected sibling. Dietary therapy has but little effect in 
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the advanced phase of pulmonary disease. 

Unnecessary exposure to intercurrent infection should be avoided. After 
known exposure to rubeola, gamma globulin should be given and antibiotics can 
be instituted early in the disease, as prophylaxis against bronchopneumonia. 
Immunization against pertussis can be given early and maintained. The use of 
a wide-spectrum antibiotic is advisable for patients with chronic bronchitis.?” 
The advisability of this treatment for patients without pulmonary involvement 
may be questioned. 

The success of treatment of the bronchitis depends on the sensitivity of the 
infecting organism to available chemotherapeutic agents and on the extent of 
pulmonary damage. Dramatic but temporary response followed the introduction 
of penicillin and this has been true following the introduction of each new anti- 
biotic, ®*:?!2-25.224 both in newly diagnosed patients and in those with more chronic 
disease. New agents have appeared so rapidly as to make evaluation difficult; 
this in part accounts for the scarcity of reports on this phase of therapy. Anti- 
biotic therapy results in changes in the bronchial flora.”? After penicillin there 
is disappearance or reduction of the staphylococci and overgrowth by gram- 
negative organisms, usually Pseudomonas aeruginosa, Proteus vulgaris, or Escheri- 
chia coli® and often later with re-emergence of a strain of staphylococcus which is 
resistant to most antibiotics. A further confusing observation is that a fair 
clinical response often follows the use of an agent to which the organisms cultured 
from the sputum or bronchi show marked in vitro resistance. The present under- 
standing of the use of antibiotics in these children is far from satisfactory. The 
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variety of infecting organisms and the general use of several agents in combina- 
tion both make evaluation difficult. In practice, the regimens developed in two 
clinics with large experience, those of the Children’s Hospital of Boston and the 
Babies Hospital of New York, are closely similar. Chlortetracycline or oxyte- 
tracycline at levels of 5 to 15 mg. per kilogram per day (Boston) or 20 to 30 mg. 
per kilogram per day (New York) is given by mouth continuously. In new cases 
or as treatment for acute exacerbations, an intensive course of various combina- 
tions of agents is given, using terramycin, aureomycin, chloramphenicol, or 
Erythromycin orally, streptomycin and penicillin parenterally, and inhalation 
of penicillin and streptomycin by aerosol. The use of inhalation therapy is often 
more effective than oral therapy. Other agents used by aerosol with variable 
success, with brief comments on the author’s present and perhaps temporary 
opinion of them, include polymixin B (unpleasant, occasionally effective), sulfa- 
thiazol (occasionally beneficial), Bacitracin (ineffective but not toxic by aerosol), 
Tryptar (usually ineffective), Neomycin (sometimes beneficial),°* terramycin, 
intravenous preparation (occasionally effective), streptodornase (usually ineffec- 
tive), Alevaire (no benefit). Other agents which have been used by aerosol 
include sodium bicarbonate, streptokinase, dilute pancreatin, and 5 per cent 
acetic acid.2® The variety of agents used is evidence that none is consistently 
successful. As pointed out by Shwachman and others,?!” some patients respond 
well and continue in good health for periods of years, some respond well for a 
time but abruptly deteriorate, and some respond partially and are chronic in- 
valids for some years while some entirely fail to respond. 

Antihistamines have been widely used but there are few reports on their 
effectiveness. In our hands their use has not been attended with obvious benefit. 
Iodide preparations sometimes appear to be of some aid. Their use in massive 
doses has recently been reported as beneficial (Tappan), an observation which 
awaits confirmation. 

Physical aids to the removal of material from the bronchial tree, such as 
postural drainage and negative pressure, as in the “‘cough machine” have been 
used, the results being variously reported. They are more effective in older 
children. Toddlers benefit from moderate intermittent activity. Complete bed 
rest should be postponed as long as possible. 

The essential objective of dietary therapy is to provide an abundance of 
calories and of essential nutrients in spite of the digestive handicap. Hunger 


should be satisfied; this may require as much as 200 calories per kilogram per day 
at times for small infants and 125 to 150 calories per kilogram per day in older 
children. The large intake is usually well tolerated. The protein and carbo- 
hydrate should be high and an abundance of fat-soluble essential substances 


should be given. Opinions differ as to the advisability of restricting nonessential 
fats.*! 
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Moderate restriction is generally advised.” The addition of simple 
sugars and of casein hydrolysate to the formula of small infants has been bene- 
ficial. Supplements of both fat-soluble and water-soluble vitamins should be 
given. Small amounts of pureed fruits, vegetables, and meats can be begun early, 
at about 2 months of age. Older children tolerate a diet normal for their age but 
often show clinical benefit from restriction of grossly fatty foods and from the 
use of skimmed milk.!”4 
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Pancreatin substitution therapy has long been known to improve the utili- 
zation of dietary fat and protein by patients with fibrocystic disease.'?.?°* The 
discrepancy between the greater effect on nitrogen absorption reported by Shohl?® 
and the greater effect on fat absorption reported by Andersen? is the result of 
differences in the trypsin and lipase content of the preparations used (unpublished 
data). 

Recent balance studies comparing control periods with periods of pancreatin 


administration further support the value of this agent. Ross?” studying 11 


patients found that the mean per cent of fed fat absorbed rose from 50 per cent to 
72.8 per cent with pancreatin administration. One to 3 Gm. of pancreatin per 
feeding was required. Harris, Norman, and Payne,' Jensen and Schneidelbach,'”® 
and Kumar and Gibbs"? report similar results. Pancreatin feeding also improves 
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the chylomicron count after a fatty meal?” and the absorption of vitamin A.%? 
The pancreatin preparations differ greatly in their efficacy.'® 

In contrast to the laboratory evidence, the clinical benefit of feeding pan- 
creatin is disputed. Gain in weight has been observed in some cases.?:?* The 
usefulness of this agent has been questioned by Harper"? and by May and Lowe.!*° 
Pancreatin administration does not alter the course of a patient with severe 
chronic pulmonary disease. There is some evidence that it contributes to delay- 
ing the onset and progress of bronchitis,® probably by improving the general 
nutrition and resistance to infection. 

Heat prostration is an expression of hypochloremia due to excessive 
loss of electrolytes in the sweat during either hot weather or hyperpyrexia. The 
addition of salt to the formula or other food, and in older children, the use of 
salt tablets during hot weather, is adequate prophylaxis. Two to 4 Gm. of added 
sodium chloride per day appears adequate. Most children will take sufficient 
salt on their food if a salt shaker is at hand. The parents should be instructed 
in the prodromal symptoms of heat prostration and in initial therapy. 


PROGNOSIS 


The prognosis has greatly improved in the past 20 years. Prior to the general 
clinical recognition of the disease the majority of patients died during their first 
vear.!. More recently the majority of deaths have occurred between the ages 
of 3 and 5 years.” However, in the Babies Hospital more than half of the total 
series of over 400 patients are living at various ages up to 21 years. Of these, 
55 have entered the second decade and several are in college or working. There 
have been few deaths during adolescence, and most older patients show slow or 
no progression of pulmonary changes. Most of them have some clubbing of 
the fingers and many have moderate reduction of vital capacity. The future of 
the individual patient is unpredictable, especially in infancy. The diagnosis 
carries with it a serious but far from hopeless prognosis. 


ETIOLOGY 


Genetics and frequency. Cystic fibrosis of the pancreas occurs in siblings 
and occasionally in more distant relatives and is generally recognized as an 
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hereditary disease, !1:37:77:105,119,156,238,.241 The frequency is high; the pancreatic 
lesion has been found in about 3 per cent of autopsies in the pediatric age group 
in children’s hospitals of the United States, Canada, England, and Australia.!” 
It occurs chiefly in individuals of the Caucasian races but has been found with 
less frequency in the American Negro.'*! To date it has not been reported in 
the African Negro or in the Oriental races. Estimations of the frequency in the 
United States give a figure of 0.7 to 1.7 per thousand live births!!! and about 
0.2 per cent of hospital admissions in the pediatric age group.!% 

The disease occurs among siblings with the frequency of a recessive trait. 
Both sexes are equally affected and there is no evidence of influence of ma- 
ternal age or of sibling order.! One or both of fraternal twins may be af- 
7241 The genetic transmission has generally been regarded 
105,221,222 Which is always fully penetrant and which has 
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fected .*4:3755 
as a recessive trait,*” 
hitherto been lethal to the 
There are several as yet unresolved difficulties in accepting the disease as an 


gene, since most patients have died before maturity. 


uncomplicated recessive. 

1. For a lethal disease the frequency is high, requiring either a very high 
mutation rate of the gene or superiority in survival capacity of heterozygotes. 
Goodman and Reed'™ have calculated a possible gene mutation rate of 0.7 — 1.0 
xX 10° chromosomes per generation, a rate second only to sickle cell anemia and 
higher than that of Rh negative or thalassemia; they estimate that if the trait 
is recessive one in every 16 to 20 individuals carries the gene. 

2. The incidence of known consanguinity is not excessive and is less than 
1 per cent in three of the longer series.'!*7!% It is estimated that first-cousin 
marriages in the United States occur with a frequency of about 1 per cent. The 


92 
38 


higher incidence of 3 in 25 families in the series reported from Switzerland” 
perhaps reflects the geography of that country, with its isolated valleys. Con- 
sanguinity is a frequent finding in the diseases transmitted by recessive Men- 
delian inheritance. 

3. The variable age of onset of severe symptoms and the recently appreciated 
occurrences of partial cases and of late cases casts doubt on the belief that the 
disease is always fully penetrant. The findings of abnormally high sodium and 
chloride levels in the sweat of some parents of patients with or without associated 
respiratory disease” strongly suggests the occurrence of partial penetrance, either 


without pancreatic deficiency, or with unrecognized or partial pancreatic de- 
The fact that the morphologic change in the pancreas after early 


childhood is a lipomatosis has not been generally recognized. However, lipoma- 


ficiency. 


tosis of the pancreas has not yet been reported in relatives of patients. 

Two other hypotheses are compatible with our present knowledge. The 
disease may be transmitted as a recessive, with partial penetrance in the hetero- 
zygous state, represented by mild, late, or partial cases. It is also possible that 
the gene for the disease is in fact dominant, but the penetrance is affected by other 
factors, either genetic or environmental. The suggestion that the gene is linked 
with Rh or other blood factors*!**° has recently been disproved. 

The disease has been known too recently for adequate observation of suc- 
The present longer survival of individuals known to have 
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cessive generations. 
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the disease makes it probable that observation of their offspring will eventually 
aid in the clarification of the problem. 

PATHOGENESIS.—The nature of the basic defect is as yet unknown. Cystic 
fibrosis is a disease affecting a number of glands and organs in a variety of ways. 
It has seemed apparent to most authors that some portion of the abnormal func- 
tion and structure of many tissues is probably of secondary origin, and efforts 
have been made to find a single primary basis for the disease. As new knowledge 
has been added, the concept of the nature of this presumed primary defect has 
changed radically. The earlier suggestions were based on post-mortem study of 
infants; the pancreatic lesion was considered secondary to atresia of the pancreatic 
duct,' tntrauterine pancreatitis,*! or vitamin A deficiency,*!°® and the respiratory 
infection and other phenomena were thought to be the result of pancreatic defi- 
ciency. An attempt to reproduce the pancreatic lesion by breeding rats on a 
diet deficient in vitamin A was unsuccessful.’ Blackfan and Wolbach* first 
suggested that the pancreatic lesion might result from inspissation of pancreatic 
secretion which obstructed the ducts, a view now generally accepted. Andersen? 
at one time attributed the pulmonary lesion entirely to secondary nutritional 
and especially vitamin A deficiency, an erroneous view with an element of truth; 
it became clear that although better nutrition improved the prognosis® it could 
not be relied on to prevent bronchitis and had little effect on established pul- 
monary disease. Farber,® expanding the concept of Blackfan and Wolbach, 
attributed the pulmonary as well as the pancreatic lesion to a chemically and 
physically abnormal state of the mucus and suggested the name of ‘‘mucovisci- 
dosis’’ for the disease. Bodian*’ calling it ‘‘mucosis’’ concurred in this view. 
The discovery of an insoluble mucoprotein in the duodenal juice of some patients” 
strengthens the hypothesis. However, the abnormal salt loss in the sweat and 
in the parotid saliva, which cannot be attributed to abnormal mucus, has sug- 
gested that the basic defect does not lie in the molecular structure of mucopro- 
teins, even though these may be proved to be abnormal. 

A number of hypotheses concerned with the hormonal or autonomic control 
of pancreatic secretion have been considered and for the most part abandoned. 
Baggenstoss, Power, and Grindlay” suggested that a defect in secretin forma- 
tion might lead to the production of inspissated pancreatic secretion. In the 
first case which they studied no secretin was demonstrated in the duodenum. 
However, secretin was found in the duodenum by Gibbs and Gershbein!"? and 
in later cases by Baggenstoss and others.”? Farber” suggested that inspissated 
pancreatic secretion might be the result of excessive parasympathetic stimulation 
and reported a somewhat comparable lesion in cats which had received parasym- 


pathomimetic drugs; these experiments were never reported in full and have not 
This concept was expanded by Ayers, Stowens, and Ochsner'® 


been confirmed. 
who suggested that a reflex arc stimulated by the pancreas might alter the respira- 
tory physiology. They acted on this hypothesis by subjecting a group of 24 
patients to splanchnicectomy with equivocal results.!° 

The current view of etiology considers the metabolism of a variety of exocrine 
glands to be abnormal in some as yet unknown but probably identical manner.!" 
This conforms to the generalization of Beadle ‘‘one gene, one enzyme’’—that 
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“in the synthesis of a given enzyme or other specific proteins such as antigens, 
the final specificity depends on one and only one gene.’’!> The metabolic process 
affected would have to be one common to both mucous and serous glands, possibly 
an enzyme concerned with energy production or with the reception of autonomic 
nerve stimuli. 

If the suggestion of Gochberg and Cooke! proves true, that the sweat glands 
lack an energy-providing enzyme system required for salt retention, it seems 


possible that alteration in the salt concentration of the other exocrine glands 


and of their secretions may be the basis for their abnormal function. The growth 
of the staphylococcus is favored by high salt concentration, and it is conceivable 
that the susceptibility to staphylococcus bronchitis may result from a_ high 
electrolyte content of bronchial mucus as suggested by Knight.*8 Further work 


is required before these hypotheses can be evaluated. 
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Joseph Earle Moore 


Dis- 


The Editorial Board and Publishers of the JOURNAL OF CHRON 
EASES announce with deep sorrow the death on December 6 of Dr. Joseph 


Earle Moore, Co-editor of the JOURNAL with Dr. David Seegal and Dr. Louis 
Lasagna. 

Dr. Moore’s rich experience in editorial matters was of great value and 
his knowledge and guidance will be sadly missed by his associates 


An obituary will be published in the February issue of the JOURNAL. 


Book Reviews 


EPILEPSY—GRAND MAL, PETIT MAL CONVULSIONS. By Letitia Fairfield, M.D. 
New York, Philosophical Library, Inc. Pp. 159. Price $4.75. 
This book was written primarily, I believe, for the dissemination of information on epilepsy 
The author discusses in a well-written manner what is known about the 


for the general public. 
various forms of the disease, what treatments are available, what special problems are presented 
by the epileptic child at home and at school, the problems of the epileptic in the community, and 


what employments the epileptic can expect to find for himself in the workaday world. 

I believe that the book has succeeded very well in its intended purposes and should be recom- 
mended especially to the parents of children with epilepsy and to adult patients suffering with 
this disorder. Nurses, social workers, physicians, and others doing a great deal of work with epilep- 
tic patients also will benefit from the material included in this book. 
Samuel Livingston 


REGULATION AND MODE OF ACTION OF THYROID HORMONES. Vol. 10 by Ciba 
Foundation Colloquia on Endocrinology. (Editors for the Ciba Foundation: G. E. W. 
Wolstenholme and Elaine C. P. Millar Boston, 1957, Little, Brown & Co., Indexed. Pp. 
311. Price $7.00. 

This book contains a collection of papers presented at the Ciba Symposium on thyroid hor- 
mones at which about 30 investigators in thyroid physiology from various countries were present. 
\fter each presentation there was an open period of discussion; publication of the discussions 
idds greatly to the value of the book, since there are frequently more good points brought out 
than in the original paper 

The first seven chapters deal with the relationship of the hypophysis and hypothalamus to 
the thyroid. Although much work has been done and certain concepts have arisen, it is evident 
that many aspects of this relationship have not been elucidated. There is much discussion on 
whether regulation of thyroid activity can occur through the pituitary alone or whether this is 
mediated through the hypothalamus. The question arises as to whether there is more than one 
thyrotropic hormone, and it is commonly agreed that there is at present no really satisfactory 
method of assay for thyrotropin. Furthermore, the precise site of action of thyrotropin on iodine 
metabolism in the thyroid has not been defined. 

The last ten chapters of the book are concerned with the metabolic actions and fate of the 
thyroid hormones. Some progress has been made in an effort to clarify these problems. Numerous 
studies have been performed on various iodothyronines which can be oxidized or deaminated by 
peripheral tissues. The question as to whether one of these compounds is formed from thyroxine 
or triiodothyronine and is the truly metabolically active thyroid hormone in the cell has not been 
resolved. Certainly the liver has some role in the metabolism of thyroxine and triiodothyronine. 
Metabolic end products of these two compounds have not been identified however. There is some 
dispute as to whether the acetic acid analogues have a more rapid calorigenic effect and a greater 
effect on cholesterol metabolism than thyroxine or triiodothyronine. 

This book will be of little use to the clinician, but to the investigator interested in thyroid 
physiology it will provide a good summary of current work in the field and will be provocative 
for future studies. 


John G. Wiswell 
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